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PURPOSE: To form a deposited film of a 
uniform thickness at a high speed on a 
large-area base body with the film forming 
apparatus utilizing plasma by specifying the 
high-frequency voltage to be used, the 
construction of the apparatus, impedance 
value, etc. 



CONSTITUTION: The amorphous Si film Is formed on the surface of the base 
body 3 by evacuating the Inside of a reaction vessel 1 arranged with a cylindrical 
cathode electrode 2 and a ground shield 6 on the outer periphery of the 
substrate 3 to be formed with the film to vacuum supplying a gaseous mixture 
composed of the gaseous Si raw material, such as SiH4 and gaseous H2 carrier, 
impressing a high-frequency electric power of 30 to 300MHz frequency with a 
high-frequency power source 7 to the cathode electrode 2 and generating the 



plasma between this electrode and the base body 3 to crack the SiH4, The 
plasma Impedance, the impedance of the cathode electrode, the impedance of 
the ground shield, the impedance between the base body 3 and a holder, the 
length of the base body 3 and the cathode electrode and the spacings between 
the base body 3, the cathode electrode 2 and the ground shield 6 are regulated 
to specific values, by which the uniform amorphous Si film is formed at a high 
speed on the base body 3. 

CLAIMS 
[Claim{s)] 

[Claim 1J Within the reaction container which can be decompressed, the plasma 
is generated between the cathode electrode with which a discharge frequency 
impresses 30MHz or more high-frequency power 300MHz or less^ and the 
electrode which counters. It is plasma treabnent equipment which carries out 
plasma treatment of the processed base arranged on this electrode. The plasma 
impedance Zp and the impedance Zc of a cathode electrode |Zc|/|Zp|<=5, Or a 
cathode electrode With the impedance Za of an electrode holder and the 
impedance Zc of a cathode electrode holding the impedance Zsh of ground 



shielding and this processed base to surround, and Its base, either |Za|/|Zsh|<=1 
and |Zc|/|Zsh|<=1 Plasma treatment equipment characterized by filling. 
[Claim 2] Within the reaction container which can be decompressed, the plasma 
Is generated between the cathode electrode with which a discharge frequency 
impresses 30MHz or more high-frequency power 300MHz or less, and the 
electrode which counters. While arranging soft magnetic materials to the side 
which faces plasma generating space as ground shielding installed around the 
cathode electrode with which it Is plasma treatment equipment which carries out 
plasma treatment of the processed base arranged on an electrode, and 
high-frequency power is impressed Plasma treatment equipment characterized 
by arranging a non-magnetic material to the side which faces high-frequency 
power Installation. 

[Claim 3] Within the reaction container which can be decompressed, the plasma 
is generated between the cathode electrode with which a discharge frequency 
impresses 30MHz or more high-frequency power 300MHz or less, and the 
electrode which counters. It is plasma treatment equipment which carries out 
plasma treatment of the processed base arranged on an electrode. The cathode 
electrode of the plasma treatment equipment which has the cathode electrode 



with which high-frequency power is impressed, said cathode electrode, and the 
electrode which installs the processed base installed in the location which 
counters at least The dimension of an one direction (L1), Plasma treatment 
equipment characterized by the range of a ratio (L1/L2) with the dimension (L2) 
of the processed base which counters being 0.5-1.1- 

[Claim 4] Within the reaction container which can be decompressed, the plasma 
is generated between the cathode electrode with which a discharge frequency 
impresses 30MHz or more high-frequency power 300MHz or less, and the 
electrode which counters. It is plasma treatment equipment which carries out 
plasma treatment of the processed base arranged on an electrode. The distance 
d1 of the ground electrode and cathode electrode which are except the electrode 
holder holding a processed base or its base, are installed near the cathode and 
touch piasma generating space. Plasma treatment equipment characterized by 
the ratio (d1/d2) of the distance d2 between said processed bases or said 
electrode holders, and cathode electrodes being one or more, 
[Claim 5] Plasma-treatment equipment characterized by to cover a part or the 
whole on the cathode electrode surface where it is plasma-treatment equipment 
which carries out plasma treatment of the processed base which the discharge 



frequency made generate the plasma between the cathode electrode which 
impresses SOMHz or more high-frequency power 300MHz or less, and the 
electrode which counters, and has arranged on an electrode within the reaction 
container which can be decompressed, and high-frequency power Is impressed 
with a dielectric. 

[Claim 6] Within the reaction container which can be decompressed, the plasma 
Is generated between the cathode electrode with which a discharge frequency 
impresses SOMHz or more high-frequency power 300MHz or less, and the 
electrode which counters. It is plasma treatment equipment which carries out 
plasma treatment of the processed base arranged on an electrode. Plasma 
treatment equipment which is made cytindrica! [ the configuration of a cathode 
electrode ] and is characterized by dividing two or more cathode electrodes with 
which high-frequency power is impressed in the die-length direction, and 
preparing the dielectric of the thickness which negates the inductance 
component of each cathode according to an impression frequency between 
each cathode. 

[Claim 7] Within the reaction container which can be decompressed, the plasma 
is generated between the cathode electrode with which a discharge frequency 



impresses 30MHz or more high-frequency power 300MHz or less, and the 
electrode which counters. It is plasma treatment equipment which carries out 
plasma treatment of the processed base arranged on an electrode. In the part 
which sees from the RF Impression induction of the cathode electrode of plasma 
treatment equipment which has the cathode electrode with which high-frequency 
power is Impressed, said cathode electrode, and the electrode which installs the 
processed base installed in the location which counters, and counters the 
furthest cathode polar zone, the touch-down potential of a base Plasma 
treatment equipment characterized by taking. 

[Claim 8] The plasma-treatment equipment which Is plasma-treatment 
equipment which carries out the plasma treatment of the processed base which 
the discharge frequency made generate the plasma between the cathode 
electrode which impresses 30MHz or more high-frequency power 300MHz or 
less, and the electrode which counters, and has anrange on an electrode within 
the reaction container which can be decompress, and is characterize by to cover 
the space where plasma generating space touches ground shielding and said 
ground shielding with an insulating materiaL 

[Claim 9] Within the reaction container which can be decompressed, the plasma 



is generated between the cathode electrode with which a discharge frequency 
impresses 30MHz or more high-frequency power 300MHz or less, and the 
electrode which counters- It is plasma treatment equipment which carries out 
plasma treatment of the processed base arranged on an electrode. The cathode 
electrode of the plasma treatment equipment which has the cathode electrode 
with which high-frequency power is impressed, said cathode electrode, and the 
electrode which installs the processed base installed in the location which 
counters at least The dimension of an one direction (L1), While arranging soft 
magnetic materials to the side which faces plasma generating space as ground 
shielding which mal<es a ratio {L1/L2) with the dimension (L2) of the processed 
base which counters the range of 0.5-1.1, and is installed around said cathode 
electrode Plasma treatment equipment characterized by arranging a 
non-magnetic material to the side which faces high-frequency power installation. 
[Claim 10] Within the reaction container which can be decompressed, the 
plasma is generated between the cathode electrode with which a discharge 
frequency impresses 30MHz or more high-frequency power 300MHz or less, 
and the electrode which counters. It is plasma treatment equipment which 
carries out plasma treatment of the processed base arranged on an electrode. 



The cathode electrode of the plasma treatment equipment which has the 
cathode electrode with which high-frequency power is impressed, said cathode 
electrode, and the electrode which installs the processed base installed in the 
location which counters at least The dimension of an one direction (L1), A ratio 
(L1/L2) with the dimension (L2) of the processed base which counters is made 
into the range of 0.5-1,1. The space where plasma generating space touches 
ground shielding installed around said cathode electrode, and said ground 
shielding with an insulating material And a bonnet, Furthermore, the distance d1 
of the ground electrode and cathode which are installed near the cathode except 
the electrode holder holding said processed base or its base, and touch plasma 
generating space, Plasma treatment equipment characterized by the ratio 
(d1/d2) of the distance d2 between said processed bases, said electrode holders, 
and cathodes being one or more. 

[Claim 11] Within the reaction container which can be decompressed, the 
plasma Is generated between the cathode electrode with which a discharge 
frequency impresses 30MHz or more high-frequency power 300MHz or less, 
and the electrode which counters- It is the plasma treatment approach which 
carries out plasma treatment of the processed base arranged on an electrode. 



The plasma impedance Zp and the impedance Zc of a cathode electrode 
[Zc|/|Zp|<=5, With or the impedance Za of an electrode holder and the 
impedance Zc of a cathode electrode holding the impedance Zsh of ground 
shielding and this processed base which enclose a cathode electrode, and its 
base I The plasma treatment approach characterized by filling Za|/|Zshj<=1 and 
|Zc|/|Zsh|<=1. 

[Claim 12] Within the reaction container which can be decompressed, the 
plasma is generated between the cathode electrode with which a discharge 
frequency impresses 30MHz or more high-frequency power 300MHz or less, 
and the electrode which counters. While arranging soft magnetic materials to the 
side which faces plasma generating space as ground shielding installed around 
the cathode electrode with which it is the plasma treatment approach which 
cam'es out plasma treatment of the processed base arranged on an electrode, 
and high-frequency power is impressed The plasma treatment approach 
characterized by carrying out plasma treatment to the side which faces 
high-frequency power installation in the condition of having arranged the 
non-magnetic material. 

[Claim 13] Within the reaction container which can be decompressed, the 



plasma is generated between the cathode electrode with which a discharge 
frequency impresses 30MHz or more high-frequency power 300MHz or less, 
and the electrode which counters. It is the plasma treatment apprpach which 
carries out plasma treatment of the processed base arranged on an electrode. 
The cathode electrode of the plasma treatment equipment which has the 
cathode electrode with which high-frequency power is impressed, said cathode 
electrode, and the electrode which installs the processed base installed in the 
location which counters at least The dimension of an one direction (L1), The 
plasma treatment approach characterized by carrying out plasma treatment of 
the ratio (L1/L2) with the dimension (L2) of the processed base which counters 
as range of 0.5-1.1. 

[Claim 14] Within the reaction container which can be decompressed, the 
plasma is generated between the cathode electrode with which a discharge 
frequency impresses 30MHz or more high-frequency power 300MHz or less, 
and the electrode which counters. It Is plasma treatment equipment which 
carries out plasma treatment of the processed base an^anged on an electrode. 
The distance d1 of the ground electrode and cathode electrode which are except 
the electrode holder holding a processed base or its base, are installed near the 



cathode and touch plasma generating space. The plasma treatment approach 
characterized by making the ratio (d1/d2) of the distance d2 between said 
processed bases or said electrode holders, and cathode electrodes or more into 
one, and carrying out plasma treatment. 

[Claim 15] The plasma-treatment approach characterized by to carry out plasma 
treatment of a part or the whole on the cathode electrode surface where it is the 
plasma-treatment approach which carries out plasma treatment of the 
processed base which the discharge frequency made generate the plasma 
between the cathode electrode which impresses 30MHz or more high-frequency 
power 300MHz or less, and the electrode which counters, and has arranged on 
an electrode within the reaction container which can be decompressed, and 
high-frequency power is impressed in the condition covered with the dielectric. 
[Claim 16] Within the reaction container which can be decompressed, the 
plasma is generated between the cathode electrode with which a discharge 
frequency impresses 30MHz or more high-frequency power 300MHz or less, 
and the electrode which counters. It is the plasma treatment approach which 
carries out plasma treatment of the processed base arranged on an electrode. It 
is supposed that the configuration of a cathode electrode is cylindrical and two or 



more cathode electrodes with which high-frequency power is impressed are 
divided in the die-length direction. The plasma treatment approach characterized 
by preparing the dielectric of desired thickness between each cathode, and 
negating and carrying out plasma treatment of the inductance component of 
each cathode according to an impression frequency. 

[Claim 17] Within the reaction container which can be decompressed, the 
plasma is generated between the cathode electrode with which a discharge 
frequency impresses SOlVIHz or more high-frequency power 300MHz or less, 
and the electrode which counters, it is the plasma treatment approach which 
carries out plasma treatment of the processed base arranged on an electrode. In 
the part which sees from the RF impression induction of the cathode electrode of 
plasma treatment equipment which has the cathode electrode with which 
high-frequency power is impressed, said cathode electrode, and the electrode 
which installs the processed base installed in the location which counters, and 
counters the furthest cathode polar zone, the touch-down potential of a base The 
plasma treatment approach characterized by carrying out plasma treatment in 
the condition of having taken. 

[Claim 18] the plasma treatment approach which be the plasma treatment 



approach which carry out the plasma treatment of the processed base which the 
discharge frequency made generate the plasma between the cathode electrode 
which impress 30MHz or more high-frequency power SOOIVlHz or less, and the 
electrode which counter, and have arrange on an electrode within the reaction 
container which can be decompress, and be characterize by to carry out the 
plasma treatment of the space where plasma generating space touch ground 
shielding and said ground shielding in the condition covered with an insulating 
material. 

[Claim 19] Within the reaction container which can be decompressed, the 
plasma is generated between the cathode electrode with which a discharge 
frequency impresses 30MHz or more high-frequency power 300MHz or less, 
and the electrode which counters. It is the plasma treatment approach which 
carries out plasma treatment of the processed base arranged on an electrode. 
The cathode electrode of the plasma treatment equipment which has the 
cathode electrode with which high-frequency power is impressed, said cathode 
electrode, and the electrode which installs the processed base installed in the 
location which counters at least The dimension of an one direction (L1), While 
arranging soft magnetic materials to the side which faces plasma generating 



space as ground shielding which makes a ratio (L1/L2) with the dimension (L2) 
of the processed base which counters the range of 0.5-1.1, and is installed 
around said cathode electrode The plasma treatment approach characterized by 
carrying out plasma treatment to the side which faces high-frequency power 
installation in the condition of having arranged the non-magnetic material. 
[Claim 20] Within the reaction container which can be decompressed, the 
plasma is generated between the cathode electrode with which a discharge 
frequency impresses 30MHz or more high-frequency power 300MHz or less, 
and the electrode which counters. It is plasma treatment equipment which 
carries out plasma treatment of the processed base arranged on an electrode. 
The cathode electrode of the plasma treatment equipment which has the 
cathode electrode with which high-frequency power is impressed, said cathode 
electrode, and the electrode which installs the processed base installed In the 
location which counters at least The dimension of an one direction (L1), A ratio 
(L1/L2) with the dimension (L2) of the processed base which counters is made 
into the range of 0.5-1.1. The space where plasma generating space touches 
ground shielding installed around said cathode electrode, and said ground 
shielding with an insulating material And a bonnet, Furthermore,- the distance d1 



of the ground electrode and cathode which are rnstatled near the cathode except 
the electrode holder holding said processed base or its base, and touch plasma 
generating space, The plasma treatment approach characterized by the ratio 
(d1/d2) of the distance d2 between said processed bases, said electrode holders, 
and cathodes being one or more. 



DETAILED DESCRIPTION 

[Detailed Description of the Invention} 
[0001] 

[Industrial Application] This invention The photo conductor device for 
electrophotography as a semiconductor device, the tine sensor for an image 
input, The p!asma-CVD equipment which can form suitably the functional 
deposition film of a useful crystalline substance or the quality of a non-single 
crystal In an imaging device, a ****** device, etc. The sputtering system which 
can form suitably the insulator layer as a semiconductor device or an optical 
element, metal wiring, etc., It Is related with plasma treatment equipments, such 
as etching systems, such as a semiconductor device, and the art of those. Or in 



more detail It is the plasma treatment equipment which processes a base, using 
especially the plasma as a source of excitation, and an art, and a RF (30MHz or 
more and 300MHz or less) is especially related with usable plasma treatment 
equipment and its art suitably, 
[0002] 

[Description of the Prior Art] The plasma treatment equipment currently used 
with the semr-conductor etc. has various approaches according to each 
application. For example, in membrane formation, the equipment and the 
approaches of hamessing the description variously, such as an oxide film which 
used plasma-CVD equipment and an approach, semi-conductor film of formation 
of a nitride or an amorphous silicon system and metal wiring film using a 
sputtering system or an approach, an etching system, and ultra-fine processing 
technology using an approach, are used. 

[0003] Furthermore, the want to membraneous quality and the improvement in a 
throughput is also strong in recent years, and various devices are also 
considered. 

[0004] The plasma process especially using high-frequency power is used from 
various advantages - the stability of discharge can use it also for high insulating 



ingredient formation of an oxide film or a nitride, 

[0005] Conventionally, generally as for the oscillation frequency of the RF 
generator for discharge used for plasma processes, such as plasma CVD, 
13,56MHz IS used. An example of the plasma-CVD equipment currently 
generally used for deposition film formation is shown in drawing 23 . [ many ] 
The plasma-CVD equipment shown in drawing 23 is membrane formation 
equipment in the case of forming the amorphous silicon film (it being described 
as the a-Si film below) on cylinder-like the base for electrophotography photo 
conductors. Hereafter, the membrane formation approach of the a-Si film using 
this equipment is explained. 

[0006] The base (base for electrophotography photo conductors) 3 of the shape 
of a cylinder as cylinder-like the cathode electrode 2 and countereiectrode which 
were insulated electrically [ the reaction container 1 ] by the insulating material 
1 1 in the reaction container 1 which can be decompressed formed membranes 
ts arranged- In order to raise the homogeneity of thickness and a film property, 
the dimension of the cylinder shaft orientations of the cathode electrode 2 is 
made longer than the dimension of the cylinder shaft orientations of the base 
formed membranes. For example, it is the plasma-CVD method a discharge 



frequency is 13-66MHz, and in order for thicl<ness nonuniformity to acquire 
about **10% or less of thickness homogeneity, the dimension of the cylinder 
shaft orientations of a cathode electrode Is usually the need about 2 times from 
about 1.5 times, even if there are few dimensions of the cylinder shaft 
orientations of the base formed membranes. It is defined as the value which 
attached and expressed ** as thickness nonuniformity to one half which broke 
the difference of the maximum thickness of the thickness on the base formed 
membranes, and the minimum thickness by average thickness of the values of a 
value here. Therefore, also in the p!asma-CVD equipment shown in drawing 23 , 
it considers as the relation of the die length of the base 3 formed membranes 
and the cathode electrode 2 so that it may become such [ usually ] relation 
(however, in drawing 23 , the relation is not shown in accuracy). The base 3 
formed membranes is held at the rolling mechanism 4 driven by Motor M, and is 
heated from the inside at the internal heating heater 5, Around the cathode 
electrode 2, the ground shielding 6 is arranged so that discharge may not occur 
between the cathode electrode 2 and the reaction container 1 . RF generator 7 is 
connected to the cathode electrode 2 through the matching circuit 8- 9 is an 
evacuation means and 10 is a gas supply means. 



[0007] After exhausting to the degree of vacuum (for example, high vacuum) of a 
request of the inside of the reaction container 1 with the evacuation means 9, 
with the gas supply means 10, doping gas, such as diboron hexahydride gas, is 
Introduced again, and material gas, such as silane gas, disilane gas, methane, 
and ethane gas, is maintained in pressure of several torrs from a several 10mm 
toll. 

[0008] The a-Si film is deposited on the base 3 heated by 200 degrees C - about 
350 degrees C at the heating heater 4 formed membranes by supplying 
13.56MHz high-frequency power to the cathode electrode 2, generating the 
plasma between the cathode electrode 2 and the base 3 formed membranes, 
and decomposing material gas into it from RF generator 7. 
[0009] The rate of sedimentation for obtaining the a-Si film which is satisfied with 
this membrane formation approach of the engine performance of an 
electrophotography photo conductor may be unable to acquire the property as a 
photo conductor, If it sets up so that it may be carried out by the about 6 
micrometers [ per hour ] rate of sedimentation, and the rate of sedimentation is 
gathered more than it. Moreover, when the a-Si film was generally used as an 
electrophotography photo conductor, in order to obtain electrification ability, at 



least 20-30-micrometer thickness was required, and long duration was required 
in order to manufacture an electrophotography photo conductor. 
[0010] By the way, recent years, The plasma-CVD equipment of a parallel plate 
mold It uses and there is a report (Plasma Chemistry and Plasma Processing, 
Vol 7, No 3, p(1 987)267-273) of the plasma-CVD method using an RF generator 
13.56MHz or more. Possibility that the rate of sedimentation can be raised 
without dropping the engine performance of the deposition film on the former 
being higher than 13.56MHz and carrying out a discharge frequency is shown, 
and it Is observed. Moreover, sputtering is also made and, as for the report 
which makes this discharge frequency high, that predominance is examined 
widely in recent years. 
[0011] 

[Problem(s) to be Solved by the Invention] this Invention persons have inquired 
using conventional plasma-CVD equipment which was mentioned above by 
using the high-frequency power of a higher frequency for a discharge frequency 
instead of conventional 13.56MHz for the Improvement in the rate of 
sedimentation of the film which has a good property. 

[0012] Consequently, although it has checked, on the discharge frequency of 



13.66MHz, as for to be sure the good-quality film being producible by having 
raised the frequency with the rate of sedimentation higher than before as the 
object, it turned out that the following problems which did not turn Into a problem 
may newly occur, 

[0013] That is, the plasma may omnipresence-ize by raising a discharge 
frequency, consequently **20% or more of thickness nonuniformity may be 
produced the case of thickness nonuniformity like an electrophotography photo 
conductor which heterogeneity arises [ in / comparatively / the worked object of a 
large area ] in the rate of sedimentation, and poses a problem practically as a 
result, for example, an electrophotography photo conductor, 
[0014] Such thickness nonuniformity poses a big problem, when forming the 
functional deposition film of a useful crystalline substance or the quality of a 
non-single crystal not only in an electrophotography photo conductor but in the 
line sensor for an image input, an imaging device, a ****** device, etc. Moreover, 
also in other plasma processes, such as dry etching and a spatter, when a 
discharge frequency is raised, the same processing nonuniformity arises, and at 
this rate, it becomes a practically big problem. 

[0015] The object of this invention conquers the above conventional troubles, 



and IS in the conventional plasnna process to offer the plasma treatnr^ent 
equipment and the approach of carrying out plasma treatment of the base of a 
large area to homogeneity comparatively with the processing speed which was 
not able to be attained. 
[00161 

[Means for Solving the Problem] The plasma treatment equipment of this 
invention which attains the above-mentioned object Within the reaction container 
which can be decompressed, the plasma is generated between the cathode 
electrode with which a discharge frequency impresses SOIVIHz or more 
high-frequency power 300MHz or less, and the electrode which counters, ft is 
plasma treatment equipment which carries out plasma treatment of the 
processed base arranged on this electrode. The plasma impedance Zp and the 
impedance Zc of a cathode electrode iZc|/|Zp[<=5, Or a cathode electrode It Is 
characterized by filling either |Zaj/|Zsh|<=1 and |Zc[/]Zsh|<=1 with the 
impedance Za of an electrode holder and the impedance Zc of a cathode 
electrode holding the Impedance Zsh of ground shielding and this processed 
base to surround, and its base. 

[0017] Moreover, the plasma treatment equipment of this Invention generates 



the plasma within the reaction container which can be decompressed between 
the cathode electrode with which a discharge frequency impresses 30MHz or 
more high-frequency power 300MH2 or less, and the electrode which counters. 
While arranging soft magnetic materials to the side which faces plasma 
generating space as ground shielding installed around the cathode electrode 
with which It is plasma treatment equipment which carries out plasma treatment 
of the processed base arranged on an electrode, and high-frequency power is 
impressed It is characterized by arranging a non-magnetic material to the side 
which faces high-frequency power installation. 

[0018] Moreover, the plasma treatment equipment of this invention generates 
the plasma within the reaction container which can be decompressed between 
the cathode electrode with which a discharge frequency impresses 30MH2 or 
more high-frequency power 300MHz or less, and the electrode whic^ counters. 
It is plasma treatment equipment which carries out plasma treatment of the 
processed base arranged on an electrode. The cathode electrode of the plasma 
treatment equipment which has the cathode electrode with which high-frequency 
power is impressed, said cathode electrode, and the electrode which installs the 
processed base installed in the location which counters at least The dimension 



of an one direction (L1), It is cliaracterizecl by tiie range of a ratio (L1/L2) with the 
dimension (L2) of the processed base which counters being 0.5-1.1. 
[0019] Furthermore, the plasma treatment equipment of this invention generates 
the plasma within the reaction container which can be decompressed between 
the cathode electrode with which a discharge frequency impresses SOIVIHz or 
more high-frequency power 300MHz or less, and the electrode which counters. 
It is plasma treatment equipment which carries out plasma treatment of the 
processed base arranged on an electrode. The distance d1 of the ground 
electrode and cathode electrode which are except the electrode holder holding a 
processed base or its base, are installed near the cathode and touch plasma 
generating space, It is characterized by the ratio (d1/d2) of the distance d2 
between said processed bases or said electrode holders, and cathode 
electrodes being one or more. 

[0020] In addition, the plasma-treatment equipment of this invention is 
plasma-treatment equipment which carries out plasma treatment of the 
processed base which the discharge frequency made generate the plasma 
between the cathode electrode which impresses 30MHz or more high-frequency 
power 300MHz or less, and the electrode which counters, and has arrange on 



an electrode within the reaction container which can be decompress, and is 
characterize by to cover with a dielectric a part or the whole on the cathode 
electrode surface where high-frequency power is impress. 
[0021] Moreover, the plasma treatment equipment of this invention generates 
the plasma within the reaction container which can be decompressed between 
the cathode electrode with which a discharge frequency impresses 30MHz or 
more high-frequency power 300MHz or less, and the electrode which counters. 
It is plasma treatment equipment which carries out plasma treatment of the 
processed base arranged on an electrode. It is supposed that the configuration 
of a cathode electrode is cylindrical, and two or more cathode electrodes with 
which high-frequency power Is impressed are divided in the die-length direction, 
and it is characterized by preparing the dielectric of the thickness which negates 
the inductance component of each cathode according to an impression 
frequency between each cathode. 

[0022] Furthermore, the plasma treatment equipment of this invention generates 
the plasma within the reaction container which can be decompressed between 
the cathode electrode with which a discharge frequency impresses 30MHz or 
more high-frequency power SOOMHz or less, and the electrode which counters. 



It is plasma treatment equipment which carries out plasma treatment of the 
processed base arranged on an electrode. In the part which sees from the RF 
impression induction of the cathode electrode of plasma treatment equipment 
which has the cathode electrode with which high-frequency power is impressed, 
said cathode electrode, and the electrode which installs the processed base 
installed in the location which counters, and counters the furthest cathode polar 
zone, the touch-down potential of a base It is characterized by taking. 
[0023] The plasma-treatment equipment of this invention be plasma-treatment 
equipment which carry out the plasma treatment of the processed base which 
the discharge frequency made generate the plasma between the cathode 
electrode which impress 30MHz or more high-frequency power 300MHz or less, 
and the electrode which counter, and have arrange on an electrode within the 
reaction container which can be decompress, and be characterize by to cover 
the space where plasma generating space touch ground shielding and said 
ground shielding with an insulating material, 

[0024] The plasma treatment equipment of this invention generates the plasma 
within the reaction container which can be decompressed between the cathode 
electrode with which a discharge frequency impresses 30MHz or more 



high-frequency power 300MHz or less, and the electrode which counters. It is 
plasma treatment equipment which carries out plasma treatment of the 
processed base arranged on an electrode. The cathode electrode of the plasma 
treatment equipment which has the cathode electrode with which high-frequency 
power is impressed, said cathode electrode, and the electrode which installs the 
processed base installed in the location which counters at least The dimension 
of an one direction (L1), While arranging soft magnetic materials to the side 
which faces plasma generating space as ground shielding which maizes a ratio 
(L1/L2) with the dimension (L2) of the processed base which counters the range 
of 0.5-1.1, and is installed around said cathode electrode It is characterized by 
arranging a non-magnetic material to the side which faces high-frequency power 
installation. 

[0025] The plasma treatment equipment of this invention generates the plasma 
within the reaction container which can be decompressed between the cathode 
electrode with which a discharge frequency impresses 30MHz or more 
high-frequency power 300MHz or less, and the electrode which counters. It is 
plasma treatment equipment which carries out plasma treatment of the 
processed base arranged on an electrode. The cathode electrode of the plasma 



treatment equipment which has the cathode electrode with which high-frequency 
power is impressed, said cathode electrode, and the electrode which installs the 
processed base installed in the location which counters at least The dimension 
of an one direction (L1), A ratio (L1/L2) with the dimension (L2) of the processed 
base which counters is made into the range of 0.5-1 ,1 , The space where plasma 
generating space touches ground shielding installed around said cathode 
electrode, and said ground shielding with an insulating material And a bonnet, 
Furthermore, the distance d1 of the ground electrode and cathode which are 
installed near the cathode except the electrode holder holding said processed 
base or its base, and touch plasma generating space, It is characterized by the 
ratio (d1/d2) of the distance d2 between said processed bases, said electrode 
holders, and cathodes being one or more. 

[0026] Moreover, the plasma treatment approach of this invention generates the 
plasma within the reaction container which can be decompressed between the 
cathode electrode with which a discharge frequency Impresses 30MHz or more 
high-frequency power 300MHz or less, and the electrode which counters. It is 
the plasma treatment approach which carries out plasma treatment of the 
processed base arranged on an electrode. The plasma impedance Zp and the 



impedance Zc of a cathode electrode |2c|/|Zp|<=5, With or the impedance Za of 
an electrode holder and the impedance Zc of a cathode electrode holding the 
impedance Zsh of ground shielding and this processed base which enclose a 
cathode electrode, and its base [ It is characterized by filling Za|/|Zsh|<-1 and 
|Zc|/|Zsh|<=1. 

[0027] The plasma treatment approach of this invention generates the plasma 
within the reaction container which can be decompressed between the cathode 
electrode with which a discharge frequency impresses 30MHz or more 
high-frequency power 300MHz or less, and the electrode which counters. While 
arranging soft magnetic materials to the side which faces plasma generating 
space as ground shielding installed around the cathode electrode with which it is 
the plasma treatment approach which carries out plasma treatment of the 
processed base arranged on an, electrode, and high-frequency power is 
impressed It is characterized by carrying out plasma treatment to the side which 
faces high-frequency power installation in the condition of having arranged the 
non-magnetic material. 

[0028] The plasma treatment approach of this invention generates the plasma 
within the reaction container which can be decompressed between the cathode 



electrode with which a discharge frequency impresses 30MHz or more 
high-frequency power 300MHz or less, and the electrode which counters. It is 
the plasma treatment approach which carries out plasma treatment of the 
processed base arranged on an electrode. The cathode electrode of the plasma 
treatment equipment which has the cathode electrode with which high-frequency 
power is Impressed, said cathode electrode, and the electrode which installs the 
processed base Installed in the location which counters at least The dimension 
of an one direction (L1), It is characterized by carrying out plasma treatment of 
the ratio (L1/L2) with the dimension (L2) of the processed base which counters 
as range of 0.5-1.1. 

[0029] The plasma treatment approach of this invention generates the plasma 
within the reaction container which can be decompressed between the cathode 
electrode with which a discharge frequency impresses SOIVlHz or more 
high-frequency power 300MHz or less, and the electrode which counters, it is 
plasma treatment equipment which carries out plasma treatment of the 
processed base arranged on an electrode. The distance d1 of the ground 
electrode and cathode electrode which are except the electrode holder holding a 
processed base or its base, are installed near the cathode and touch plasma 



generating space, It is characterized by making the ratio (d1/d2) of the distance 
d2 between said processed bases or said electrode holders, and cathode 
electrodes or more into one, and carrying out plasma treatment. 
[0030] The plasma-treatment approach of this invention is the plasma-treatment 
approach which carries out plasma treatment of the processed base which the 
discharge frequency made generate the plasma between the cathode electrode 
which impresses 30MHz or more high-frequency power 300MHz or less, and the 
electrode which counters, and has arrange on an electrode within the reaction 
container which can be decompress, and is characterize by to carry out plasma 
treatment of a part or the whole on the cathode electrode surface where 
high-frequency power is impress in the condition covered with the dielectric. 
10031] The plasma treatment approach of this invention generates the plasma 
within the reaction container which can be decompressed between the cathode 
electrode with which a discharge frequency impresses 30MHz or more 
high-frequency power 300MHz or less, and the electrode which counters. It is 
the plasma treatment approach which carries out plasma treatment of the 
processed base arranged on an electrode. It is characterized by supposing that 
the configuration of a cathode electrode is cylindrical, dividing two or more 



cathode electrodes with which high-frequency power is impressed in the 
die-length direction, preparing the dielectric of desired thickness between each 
cathode, and negating and carrying out plasma treatment of the inductance 
component of each cathode according to an impression frequency. 
[0032] The plasma treatment approach of this invention generates the plasma 
within the reaction container which can be decompressed between the cathode 
electrode with which a discharge frequency impresses SOIVIHz or more 
high-frequency power 300MHz or less, and the electrode which counters. It Is 
the plasma treatment approach which carries out plasma treatment of the 
processed base arranged on an electrode. In the part which sees from the RF 
impression induction of the cathode electrode of plasma treatment equipment 
which has the cathode electrode with which high-frequency power is impressed, 
said cathode electrode, and the electrode which installs the processed base 
installed in the location which counters, and counters the furthest cathode polar 
zone, the touch-down potential of a base It is characterized by carrying out 
plasma treatment in the condition of having taken. 

[0033] the plasma treatment approach of this invention be the plasma treatment 
approach which carry out the plasma treatment of the processed base which the 



discharge frequency make generate the plasma between the cathode electrode 
which impress 30MHz or more high-frequency power 300MHz or less, and the 
electrode which counter, and have arrange on an electrode within the reaction 
container which can be decompress, and be characterize by to carry out the 
plasma treatment of the space where plasma generating space touch ground 
shielding and said ground shielding in the condition covered with an insulating 
material. 

[0034] The plasma treatment approach of this invention generates the plasma 
within the reaction container which can be decompressed between the cathode 
electrode with which a discharge frequency impresses 30MHz or more 
high-frequency power SOOIVlHz or less, and the electrode which counters. It Is 
the plasma treatment approach which carries out plasma treatment of the 
processed base arranged on an electrode. The cathode electrode of the plasma 
treatment equipment which has the cathode electrode with which high-frequency 
power is impressed, said cathode electrode, and the electrode which installs the 
processed base installed in the location which counters at least The dimension 
of an one direction {L1), White arranging soft magnetic materials to the side 
which faces plasma generating space as ground shielding which makes a ratio 



(L1/L2) with the dimension (L2) of the processed base which counters the range 
of 0.5-1.1, and is installed around said cathode electrode It Is characterized by 
carrying out plasma treatment to the side which faces high-frequency power 
installation in the condition of having arranged the non-magnetic material. 
[0035] The plasma treatment approach of this invention generates the plasma 
within the reaction container which can be decompressed between the cathode 
electrode with which a discharge frequency Impresses 30MHz or more 
high-frequency power 300MHz or less, and the electrode which counters. It is 
plasma treatment equipment which carries out plasma treatment of the 
processed base arranged on an electrode: The cathode electrode of the plasma 
treatment equipment which has the cathode electrode with which high-frequency 
power is impressed, said cathode electrode, and the electrode which installs the 
processed base installed in the location which counters at least The dimension 
of an one direction (L1), A ratio (L1/L2) with the dimension (L2) of the processed 
base which counters is made into the range of 0.5-1,1. The space where plasma 
generating space touches ground shielding installed around said cathode 
electrode, and said ground shielding with an insulating material And a bonnet, 
Furthermore, the distance d1 of the ground electrode and cathode which are 



installed near the cathode except the electrode holder holding said processed 
base or its base, and touch plasma generating space, It is characterized by the 
ratio (d1/d2) of the distance d2 between said processed bases, said electrode 
holders, and cathodes being one or more, 
[0036] 

[Example] Hereafter, this invention Is explained using a drawing. 
[0037] As a result of examining wholeheartedly the above-mentioned trouble in 
conventional equipment and a conventional approach, this invention persons 
siystematlzed based on the easy high-frequency equivalent circuit about the 
relation between a discharge frequency and the heterogeneity of the plasma, 
and acquired knowledge about a means to attain equalization of the plasma 
treatment based on equalization and it of the plasma also in a discharge 
frequency higher than before. Hereafter, it explains below along the 
high-frequency equivalent circuit of drawing 22 . 

[0038] Plasma treatment is performed on said processed base by making the 
high-frequency power outputted from RF generator 151 impress and spread on 
the cathode electrode 152, and making the plasma 154 occur by the RF electric 
field between this cathode electrode and the processed base 153 which 



counters. Under the present circumstances, it is as follows when that impedance 
is considered by making each above-mentioned component into a RF circuit. 

(a) Cathode electrode; If the impedance Zc of a cathode is used as the skin 
resistance component Rc and the inductance component Lc of a cathode, It will 
serve as Zc=Rc+jomegaLc. 

(b) Plasma; if the impedance of the plasma is used as the capacity component 
Cp of the ion sheath of a boundary with the pure resistance component Rp of the 
plasma, the plasma, a cathode electrode, and a processed base, it will serve as 
Zp=Rp+1"/jomegaCp. 

(c) Processed base; If the impedance of the processed base used as an anode 
' electrode is used as the skin resistance component Ra and the inductance 

component La, it will serve as Za=Ra+jomGgaLa. In addition, above, j is an 
imaginary unit and omega is the angular frequency of a RF. 
[0039] By the way, although the cathode electrode surface product usually 
located in a counter electrode with large-area-izing of (1) processed substrate if 
the frequency of a RF is raised is also enlarged in plasma treatment equipment 
with the above configurations in terms of high-frequency equivalent circuit and a 
response is taken It becomes easy to decrease as the impedance Zc by the 



inductance component Lc of a cathode electrode will also become large and the 
high-frequency voltage on a cathode wit! spread a cathode top from RF induction, 
if the discharge frequency {frequency of an RF generator) impressed to a 
cathode becomes high. 

(2) Attenuation of the high-frequency voltage at the time of becoming easy to 
flow mostiy [ the plasma 1 and spreading a cathode top further rather than a 
cathode top, becomes large as the high frequency current raises a frequency, 
since the impedance Zp of the plasma which is in contact with the cathode 
electrode becomes small by 1/of the capacity impedance component jomegaCp 
as a frequency goes up- 

[0040] Consequently, if a discharge frequency is raised, the plasma wiH also be 
omnipresence-ized by the nonuniformlty of the high-frequency voltage on a 
cathode, 

(3) The impedance between both becomes small as it has a capacity component 
between cathodes although the ground shielding 155 is installed in the 
circumference of the transmission line in order to transmit efficiently the 
high-frequency power from RF generator 151 to a cathode electrode as actual 
plasma treatment equipment is shown in drawing 22 and this ground shielding is 



also usually electrically insulated with the cathode with the dielectric, and a 
frequency goes up. Similarly, ground shielding becomes smalt as it is in contact 
also with the plasma in many cases, and a discharge frequency goes up out of a 
transmission line sake [ capacity-/ the Impedance between plasma ]. Moreover, 
even if it gives touch-down, insulation, or potential for a processed base, in the 
RF, it has a certain impedance (Zash) between grounds. When the impedance 
of a cathode and the part outside the transmission fine of ground shielding 
becomes low rather than the impedance between a cathode and a processed 
base, or the impedance of a cathode here, In order that the high frequency 
current transmits the ground shielding exterior, it may flow to a ground, or the RF 
electric field of the circumference of ground shielding may become large and 
discharge may omnipresence-ize it to the circumference of ground shielding, 
The discharge on a cathode became weak relatively and It turned out that the 
problem of riser processing nonuniformity occurring [ the plasma treatment rate 
near ground shielding ] may arise. 

[0041] It is shown by the result of having measured the above problem using the 
plasma-CVD equipment of drawing 23 . 

(a) The impedance of an electrode is influenced according to a discharge 



frequency, electrode length, an electrode radius, and electrode construction 

material. The value of the skin resistance component Rc in each frequency Is 

shown in a table 1 . 

[0042] 

[A table 1] 
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[0043] Moreover, a non-magnetic material electrode shows the impedance by 
the electrode length I and the 100MHz [ in electrode radius a / 2 ] inductance 
component to drawing 13 . The impedance Zc of this field is determined by the 
non-magnetic material with the impedance according almost to an inductance 
component- 

[0044] However, when soft magnetic materials are used, the skin resistance 
component Rc becomes large and, as for an impedance Zc, "Zc=Rc+jomegaLc" 
shows being influenced. 



(**) - the measurement result of the plasma density distribution by the probe 
method in the center of inter-electrode is shown in drawing 17 on the cathode 
electrode used as |Zc|=144ohm (IOOMH2). 

[0045] The inclination for a plasma consistency to fall is seen as the plasma 
consistency between a cathode electrode and a countereiectrode has a high 
plasma consistency by the side of RF induction as shown in drawing 17 , and it 
separates from Induction. This shows the discharge nonuniformity by attenuation 
of propagation on the cathode of the high-frequency voltage accompanying the 
increment in the Impedance Zc by the inductance component Lc of a cathode 
electrode. 

(c) That is [ it set the ratio (d1/d2) of the distance d2 of the distance d1 of a 
cathode electrode and a reaction container wall ground, a cathode electrode, 
and a countereiectrode to 0-5 ], the measurement result of the cathode in the 
case where a reaction vessel wall is close brought from a countereiectrode, and 
the plasma density distribution between counterelectrodes is shown in drawing 
19 . 

[0046] Between cathode*reaction container walls, plasma luminescence 
reinforcement is strong, discharge has taken place strongly, viewing is also 



influenced also for a plasma consistency of this discharge omnipresence here, 
and the nonuniformity of distribution is promoted more. 

[0047] The nonuniformity of the above plasma consistency affects it to the 
thickness distribution on the base installed in the counter electrode of a cathode 
electrode so that it may see in drawing of thickness distribution of drawing 20 , 
and it is shown that it is the cause which thickness distribution nonuniformity 
generates. With thickness distribution, it is defined as the ratio which broke the 
thickness on the base formed membranes by the maximum thickness here. 
[0048] 13-56MHZ currently conventionally used with the plasma-CVD equipment 
of the drawing 23 same as a comparison shows a measurement result A 
cathode impedance, a plasma consistency, and the measurement result of 
thickness distribution are shown, respectively. 

[0049] The electrode length I of the Impedance by the inductance component in 
a nonmagnetic construction material electrode and the dependency of electrode 
radius a / 2 are shown in drawing 15 . For example, when the electrode length I 
Is set to 0.5m and elecfrode radius a / 2 are set to 0.04m, |Zc| Is set to about 1 9.6 
ohms in 13.56MHz by the cathode impedance whose [Zcl was about 144.3ohms 
in 100MHz, and it turns out that an impedance becomes small. 



[0050] Moreover, the measurement result of the plasma density distribution by 
the probe method in the center of Inter-electrode is shown in drawing 18 on a 
cathode electrode. 

[0051] As shown In drawing 18 , the plasma consistency between a cathode 
electrode and a counterelectrode is almost uniform. In this, attenuation of 
propagation on the cathode of the high-frequency voltage accompanying the 
Increment In the Impedance Zc by the inductance component Lc of a cathode 
electrode shows what is hardly seen by 13.56MHz. 

[0052] Therefore, it Is desirable to use a non-magnetic material not using these 
soft magnetic materials to lessen decreasing a RF and transmit it. It is shown 
that it is desirable to use nonmagnetic material as construction material which 
constitutes ground shielding this [ whose ] served as high-frequency-discharge 
leal^age prevention as for the side to which the side which the plasma touches 
transmits a RF on the other hand using soft magnetism material. 
[0053] Moreover, there is no nonuniformity of the thickness distribution on the 
base installed in the counter electrode of a cathode electrode so that drawing 21 
might see, and an almost uniform thing is shown. 

[0054] As shown above, on 13,56MHz and the discharge frequency of the near, 



it does not become a problem, but these problems occur greatly by making a 
discharge frequency higher. 

[0055] In order to measure whether these problems are influenced and become 
remarkable from any frequency. It discharges by 13.56IVIHz - 300MHz using the 
plasma-CVD equipment of drawing 23 , and the result of having measured each 
plasma consistency nonuniformity to drawing 16 is shown. With plasma 
consistency nonuniformity, it Is defined as the value which broke the difference 
of the maximum of a plasma consistency, and the minimum value by the 
average of a plasma consistency here. 

[0056] As shown in drawing 16 , it turns out that plasma consistency 
nonuniformity becomes **10% or more by about 30MHz, and attenuation of the 
high-frequency voltage by the impedance of the cathode electrode by the 
discharge frequency becomes remarkable. In addition, when the discharge 
frequency exceeded 300MHz, the design of the matching circuit of a RF became 
difflcult, and transmission loss also became large , and it turned out that it is not 
practical. 

[0057] Although It was about 30eV in 13.56MHz when the width of face of the 
energy of the ion which carries out incidence to a processed base was 



measured, above about 15eV and 100MHz, it was about 10eV in 30MHz. 
[0058] In the process using the incidence ion energy to a processed base, if an 
example is taken in the point that Improvement in a controllability can be attained 
by making this energy width of face small, in a process 30MHz or more, this 
correlation will pose an important problem. 

[0059] Then, this invention person etc. acquired the knowledge shown below as 
a means to solve ununiformity-ization by the RF power loss by these cathode 
impedance in 30MHz- 300MHz etc. 

(1) It should be thought that it is related to magnitude |Zcj of the impedance of a 
cathode electrode, magnitude |Zp| of a plasma Impedance, magnitude |Zaj of the 
impedance of the electrode which counters a cathode, and impedance 
magnitude |Zsh| of ground shielding installed near the cathode. 

(2) It should be thought that It is related to the plasma consistency Ne2 between 
ground electrodes other than the plasma consistency Ne1 between a cathode 
and a counterelectrode and a cathode electrode, and a counter electrode 
electrode (ground shielding, reaction vessel wall, etc.). 

(3) It should be thought that it is related to impedance adjustment in a cathode 
electrode, the plasma, and counterelectrode total. 



It comes out 

[0060] Then, the inter-electrode plasma consistency nonuniformity to [Zc|/|Zp| 
was measured with the equipment of a configuration of being shown in drawing 
23 . Plasma impedance |Zp[ is computed from the matching constant of the 
matching circuit of high-frequency power. 

[0061] It tumed out that plasma consistency nonuniformity becomes **10% or 
less on the conditions which become |Zc|/|Zp|<=5 as a result, and thickness 
nonuniformity also becomes **10% or less, and can attain the homogeneity of 
thickness distribution again. 

[0062] Moreover, it turned out that plasma consistency nonuniformity becomes 
**10% or less on |Za|/|Zsh[<=1 and the conditions which become |Zc|/|Zsh[<=1 
when the plasma consistency nonuniformity to |Za|/|Zsh| and |Zc|/|Zshl is 
measured, and thickness nonuniformity also becomes **10% or less, and can 
attain the homogeneity of thickness distribution. 

[0063] Moreover, when membranes were formed by [ as fill uping the space 
during ground shielding other than a cathode electrode and a counter electrode 
electrode with the equipment shown in drawing 23 of Teflon as conditions which 
become Ne1 >=Ne2, preventing discharge compulsorily and having not 



generated the plasma ] and thickness nonuniformity was measured, it turned out 
that the homogeneity of **10% or less of thickness distribution can be attained. 
[0064] The place which measured the plasma consistency as d1<d2 in the 
distance d2 with the ground electrode which touches plasma space other than 
the tnter-electrode distance d1 of a cathode electrode and its counterelectrode, a 
cathode electrode, and a counterelectrode similarly. It turned out that the relation 
of the plasma consistency Ne2 between ground electrodes other than the 
plasma consistency Ne1 between a cathode and a counterelectrode and a 
cathode electrode, and a counter electrode electrode (ground shielding) serves 
as Ne1>Ne2, thickness nonunifomnlty becomes **10% or less on this condition, 
and the homogeneity of thickness distribution can be attained again. 
[00651 Moreover, in order to make almost equal the impedance of a cathode 
electrode impedance, a plasma impedance and a cathode electrode, and the 
electrode that counters In each part, it turned out that plasma density distribution 
becomes **10% or less by taking the ground potential induction of a 
counterelectrode In the most distant location from a part for the RF induction 
impressed to a cathode electrode, and thickness nonuniformity also becomes 
**10% or less, and can attain the homogeneity of thickness distribution. 



[0066] As mentioned above, the thing for which |Zsh| is controlled by the ground 
shielding material configuration near the (a) cathode electrode as a means to 
acquire the uniform plasma (|Zsh| is enlarged), (b) Relation between cathode 
electrode length and counterelectrode length is made suitable (magnitude |Zc| of 
a cathode electrode impedance Is made small). And Ne1> Relation with distance 
with the ground electrode which touches plasma space other than the 
inter-electrode distance of achievement, (c) cathode electrode, and its 
counterelectrode, a cathode electrode, and a counterelectrode in Ne2 is made 
suitable (Ne1> plasma density distribution etc. improves by Ne2), (d) Magnitude 
JZpl of the plasma Impedance by covering a cathode electrode surface with a 
dielectric is controlled (|Zp| is enlarged), (e) dividing of the capacity component 
Cc which offsets the inductance component Lc of a cathode electrode, and 
controlling magnitude |Zc| of a cathode electrode impedance (|Zc| it being 
made small) - (f) - making relation of the introductory location of ground 
potential suitable at the RF list of a cathode electrode and the electrode which 
counters (magnitude |Zc| of a cathode electrode impedance --) It Is each part 
and magnitude |Zp| of a plasma Impedance and magnitude |Zd| of a 
counterelectrode impedance are made equal. The improvement In plasma 



density distribution, (g) Establishing-means to intercept ground shielding and 
plasma generating space near cathode electrode (Ne1> plasma density 
distribution etc. improves by Ne2) ** can be considered, 

[0067] Here, JP,4-212167,A is indicated as a patent which limits the ratio of the 
die length of the cathode electrode length of this invention, and the base fomned 
membranes. As a technique of preventing the image defect of the deposited film 
by the pulverized coal generated during membrane formation, said patent As the 
membrane formation approach to cylinder-like the base formed membranes It is 
the approach of limiting the relation of the die length of the overall length which 
set the electrode holder of the conductor in which desorption is possible up and 
down of the base formed membranes for this formed membranes base length 
and this electrode-holder length, and the counterelectrode overall length which is 
a cathode electrode, and preventing ununifomiity discharge in the edge of this 
counterelectrode and this base formed membranes, 

[0068] However, when said patent carries out the failure of pressure as 
generating prevention of pulverized coal, in 13-56MHz, the trouble when there Is 
no recognition of as opposed to [ take into consideration and } a discharge 
frequency which also generates the problem that a membrane formation rat© 



also falls and a discharge frequency is made high is not taken into consideration, 
and these patents differ essence. 

[0069] Although the above-mentioned explanation was performed by taking up 
the plasma-CVD equipment which is common plasma treatment equipment as 
an example, sputtering, etching, etc. which are other plasma treatment 
processes have the same trouble, and the solution approach of the trouble is the 
same as the case of plasma-CVD equipment, and a basic target. 
[0070] Therefore, this invention is hot limited only to plasma-CVD equipment. 
[0071] Moreover, it cannot be overemphasized by not being limited to the 
equipment and the approach which were mentioned above being enforced by 
each technique independent, and enforcing two or more technk|ue 
simultaneously that much more effectiveness can be increased. Moreover, this 
invention does not need to say that deformation and combination are suitably 
made within the limits of this invention, either, and is not limited to the example 
explained below. 

[0072] In addition, the magnitude of the impedance of the cathode electrode of 
this invention of being referred to as 150ohms or less is desirable on the 
homogeneity of discharge. 



[0073] Hereafter, a concrete example and the example of a comparison are 
given and this invention is explained in more detail. 

[0074] in addition, the thing limited to the example this invention is explained to 
be below — it is not — within the limits of the main point of this invention — suitably 
deformation — possible — moreover, the following examples or it being also 
possible to combine the main point's of this invention suitably within the limits of 
the main point of this invention is not saying. 

[0075] (An example 1 and example 1 of a comparison) The a-Si film was formed 
on the base 3 formed membranes on the following membrane formation 
conditions (1) as the discharge frequency of 50MHz, and IOOMH2 using the 
plasma-CVD equipment of this invention shown in drawing 1 . In addition, In 
drawing 1 , since the same sign as the sign shown in drawing 23 is as drawing 
23 having explained, it omits about the explanation. 

[0076] First, based on drawing 14 , the cathode electrode length I was changed 
to the plasma impedance Zp in each frequency, relation of the 50MHz cathode 
electrode impedance Zc was respectively made into |Zc|/|Zp|=5 and the 
conditions which become tZc|/[Zpi=1, and thiclcness nonuniformrty was 
measured. 



[0077] Moreover, based on drawing 14 , the cathode electrode length I was 
changed on the same membrane formation conditions (1), and the comparative 
experiments of thickness nonuniformity were conducted on |Zc|/|Zp|=10 and the 
conditions which become |Zcj/|Zp|=20. 

[0078] It became by |Zc|/|Zp|=5, and as a result, ttiickness nonuniformity 
became about **5% by |Zc/Zp|=1 about **10%, when a frequency was 50MHz- 
As comparative experiments, except having been referred to as |Zc|/|Zp|=1 0 and 
|Zc|/tZp|=2, when conditions were made the same and thickness nonunifomiity 
was measured, it became about **20% and about **30%, respectively- 
[0079] However, according to the result of having measured the membraneous 
quality of the a-Si film selectively [ each film / the effect only of distribution is 
large and } in the state of the said thickness, even if it used membraneous quality 
for the electrophotography photo conductor, the line sensor for an image input, 
etc., It was what can be equal to practical use enough. 

[0080] Moreover, when the mussel made into the discharge frequency of 
100MHz formed the a-Si film on the same base formed membranes on the same 
conditions, the almost same result was obtained. 

[0081] it is possible to be able to solve the problem of thickness nonuniformity. 



even if a discharge frequency becomes high by performing an equipment 
configuration on the conditions which become the impedance and plasma 
impedance of a cathode electrode lZc|/|Zpi<-5 so that the above result may 
show, and to optimize the equipment configuration by the discharge frequency 
further. 

Membrane formation conditions (1) 

- Material gas ... [ ... SiH4 350sccmH2 350sccm and pressure ... 0.25torr and 
base temperature ... 310 degree C and high-frequency power 
0.5W/cm2[0082] ] SiH4 and carrier gas ... H2 and quantity of gas flow (An 
example 2 and example 2 of a comparison) The a-Si film was formed on the 
base formed membranes on the following membrane formation conditions (2) as 
the discharge frequency of 50MHz, and 100MHz using the plasma-CVD 
equipment shown in drawing 2 . in drawing 2 , since what is shown with the 
same sign as the sign of drawing 23 is the same as what was explained by 
drawing 23 , the explanation is omitted. 

[0083] In addition, in drawing 2 , each of gas ports where 15 was prepared in the 
cathode electrode, and things shown by 21 and 22 is shielding members. 
[0084] Moreover, in drawing 2 , aluminum was examined as a shielding member 



22 which faced the RF installation side, using iron as a shielding member 21 
which faced the side which touched the plasma. 

[0085] It serves as the comparison with the conditions of this invention. By 
50MHz, [Za|/|Zsh!=10, iZa|/|Zsh|=2, |Za|/[Zsh|=1, |Za|/|Zsh|=0.5, the becoming 
conditions and |Zc|/|Zsh|=10, |Zc|/|Zshh2, |Zc|/|Zshl=1, j When thickness 
nonuniform ity was measured by the above mentioned approach on the 
conditions which become Zc|/|Zsh|=0.5, it became as it is shown in a table 2. 
[0086] As shown in a table 2, it was the thickness nonuniformity which thickness 
nonuniformity becomes in 10% by lZa|/|Zsh|<=1 and ]Zcj/|Zsh|<=1, and can be 
used for practical use, 

[0087] In addition, when each film measured the membraneous quality of the 
a-Si film selectively [ the effect only of distribution is large and ] in the state of the 
said thickness, also in which conditions, membraneous quality was what has by 
making it an eiectrophotography photo conductor, the line sensor for an image 
input, etc., and can be equal to practical use enough, 

[0088) Except having set the discharge frequency to 100MHz, when it was made 
the same as the above-mentioned conditions and the a-Si film was formed on 
the same base formed membranes, the almost same result was obtained. 



[0089] It IS possible to be able to solve the problem of the thickness 
nonuniformity by a discharge frequency becoming high, and to optimize the 
equipment configuration by the discharge frequency further by performing an 
equipment configuration to the impedance and plasma impedance of a cathode 
electrode on |Za|/|Zsh|<-1 and the conditions which become |Zc|/|ZshI<=1 so 
that the above result may show. 
[0090] Membrane formation conditions (2) 

- Material gas ... [ ... SiH4 450sccmH2 450sccm and pressure ... 0,2torr and 
base temperature ... 310 degree C and high-frequency power ... 
0.5W/cm2[0091] ] SiH4 and carrier gas H2 and quantity of gas flow 
[A table 2] 
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[0092] (Example 3) The a-Si film was formed on the base formed membranes on 
the following membrane formation conditions (3) as the discharge frequency of 
50MHz, and IOOMH2 using the cylinder coaxial-type plasma-CVD equipment 
shown in drawing 3 . In drawing 2 , since what is shown with the same sign as 
the sign of drawing 23 is the same as what was explained by drawing 23 , the 
explanation is omitted. In addition, in drawing 3 , ground shielding for cathode 
electrode 2 in 14 and 16 are the insulating materials for capacity coupling. 
[0093] The cathode electrode 2 is divided into two or more electrodes, and is 
installed by turns in the distance which becomes the capacity which negates the 
inductance component of two or more cathode electrodes of each through a 
quartz ring by making each into the insulating material 16 for capacity coupling. 
Thereby, the Impedance of the cathode electrode 2 can be made into min on the 
discharge frequency to wish. The plasma impedance was about lOohms In 
about 40 ohms and 100MHz on the discharge frequency of 50MHz as a result of 
measurement. 

[0094] When it became about **8% when thickness nonuniformlty was 
measured by the above mentioned approach, and the membraneous quality of 



the a-Si film was measured, membraneous quality was what can fully be used 
for an electrophotography photo conductor, the line sensor for an image input, 
etc, 

[0095] Except having set the discharge frequency to 100MHz, when the a-Si film 
was formed on the same base formed membranes according to the same 
conditions as the above-mentioned conditions, the almost same result was 
obtained. 

[0096] Since the range of the magnitude of a cathode electrode Impedance can 
be extended by making small the capacity component by the sheath on a 
cathode electrode, and enlarging magnitude of a result plasma impedance so 
that the above result may show, it is possible to be able to solve the problem of 
the thickness nonuniformity by a discharge frequency becoming high, and to 
optimize the equipment configuration by the discharge frequency further. 
[0097] Membrane formation conditions (3) 

- Material gas ». [ SiH4 450sccmH2 450sccm and pressure ... 0.2torr and 
base temperature ». 310 degree C and high-frequency power ... 
0,5W/cm2[0098] ] SiH4 and cannier gas ... H2 and quantity of gas flow (An 
example 4 and example 3 of a comparison) While performing ground potential 



induction of the cylindrical base currently kept in direct-current potential to 
ground potential as a discliarge frequency of 100MHz to a part for the 
high-frequency power induction by the side of a cathode in the furthest part to 
cathode electrode RF induction using the plasma-CVD equipment shown in 
drawing 4 , the a-Si film was formed on the base formed membranes on the 
following membrane formation conditions (4). In drawing 4 , since what is shown 
with the same sign as drawing 23 is the same as what was explained in drawing 
23 , explanation is omitted. Setting to drawing 4 » ground shielding for [ 12 ] 
cathode electrode 2 in the insulating material for bases and 14 and 15 are the 
gas ports established in the cathode electrode. Moreover, the a-Si film was 
similarly formed on the base formed membranes except having made it these 
membrane formation conditions by the case where ground potential Induction of 
the cylindrical base currently kept in direct-current potential to ground potential 
to a part for the high-frequency power induction by the side of a cathode, using 
the plasma-CVD equipment of drawing 24 as a comparison is perfomied in the 
nearest part to cathode electrode RF induction. 

[0099] When thickness nonuniformity was measured by the approach described 
above with the monograph affair, the case of being the furthest became about 



**30% about **10%, when the nearest. 

[0100] When each film measured the membraneous quality of the a-Si film 
selectively in the part of the thickness condition that the effect only of distribution 
is large and the same, membraneous quality was what uses for an 
electrophotography photo conductor, the line sensor for an image input, etc., 
and can be used enough. 

[0101] Except having set the discharge frequency to 50MHz, when the a-Si film 
was formed on the same base formed membranes like the above-mentioned 
conditions, the case of being the furthest became about **10% about **8%, 
when the nearest. Thus, especially in this example, it turned out that a result with 
the high effectiveness of thickness nonuniformity Is obtained, so that the 
discharge frequency was large. 

[0102] By combining with ground potential the ground potential induction of the 
cylindrical base currently kept in direct-current potential to ground potential to a 
part for the hrgh-frequency power induction by the side of a cathode in the 
fijrthest part to cathode electrode RF induction, thickness nonuniformity can be 
Improved, the effectiveness has a highly larger still discharge frequency a forge 
fire, and it is possible to optimize the equipment configuration by the discharge 



frequency so that the above result may show. 
[0103] Membrane formation conditions (4) 

- Material gas ... [ ... SiH4 450sccmH2 450sccm and pressure ... 0.2torr and 
base temperature ... 310 degree C and high-frequency power ... 
0.5W/cm2[0104] ] SiH4 and carrier gas ... H2 and quantity of gas flow (An 
example 5 and example 4 of a comparison) The a-Si film was formed on the 
base formed membranes on the following membrane formation conditions (5) as 
a discharge frequency of 100MHz using the plasma-CVD equipment shown in 
drawing 5 . In drawing 5 , since the same sign as drawing 23 was explained in 
drawing 23 , it omits explanation. 

[0105] In addition, were maintained at ground -potential near the cathode 
electrode 2 on the occasion of membrane formation. The ratio between the 
inter-eiectrode distance d2 of the distance d1 with the ground potential part 
(usually the reaction container 1 or cathode electrode shielding 6) of the 
minimum distance except a base 3. said base 3, and the cathode electrode 2, It 
was made to change so that value ** of d1/d2 may be set to d1/d2=0.5, 
d1/d2=0.9, d1/d2=1, and d1/d2=2, 

[0106] When thickness nonunlformity was measured by the approach which 



described above the a-Si film produced on condition that the above-mentioned 
d1/d2, it became about **30%, about **12%, about **10%, and about **7% at 
order, respectively. That is, when the value of d1/d2 becomes one or more, it 
turns out that thicl<ness nonuniformity decreases. 

[0107] Each film had the large effect only of distribution, and when the 
membraneous quality of the a-Si film was selectively measured about the film of 
the same thickness part, membraneous quality was what uses for an 
electrophotography photo conductor device, the line sensor for an image input, 
etc, and can be used enough. 

[0108] Except having set the discharge frequency to 50MHz, when the a-Si film 
was formed on the same base formed membranes like the above-mentioned 
conditions, the almost same result was obtained. 

[0109] It is possible to be able to solve the problem of the thickness 
nonuniformity by a discharge frequency becoming high, and to optimize the 
equipment configuration by the discharge frequency further by being referred to 
as d1/d2 >=1 in the inter-electrode distance d2 of the distance d1 with the 
ground potential part (a vacuum tub and cathode electrode shielding) of the 
minimum distance except the base maintained at ground potential near the 



cathode, said base, and a cathode electrode so that the above result may show. 
[0110] Membrane formation conditions (5) 

- IVlaterial gas ... [ ... SiH4 350sccmH2 350sccm and pressure ... 0.25torr and 
base temperature ... 310 degree C and high-frequency power 
0.5W/cm2t0111] ] SiH4 and carrier gas ... H2 and quantity of gas flow (An 
example 6 and example 5 of a comparison) The a-SI film was formed on the 
base formed membranes on the following membrane formation conditions (6), 
having set the ratio (L1/L2) of the dimension (LI) of the cylinder shaft 
orientations of a cathode electrode, and the dimension (L2) of the cylinder shaft 
orientations of the base formed membranes to 1.0, and having used the 
oscillation frequency (discharge frequency) of an RF generator as 100MHz using 
the plasma-CVD equipment shown in drawing 6 . In drawing 6 , since the same 
sign as drawing 23 was explained in drawing 23 , it omits explanation. 
[0112] When thickness nonuniformlty was measured by the approach which 
described the formed a-S| film above, it was about **8%. 
[0113] Moreover, the membraneous quality of the formed a-Si film had property 
sufficient as a-Si film used for an electrophotography photo conductor device, 
the line sensor for an image input, etc. 



[0114] The proportion of the cylinder shaft orientations of a cathode electrode 
and the base formed membranes is set to 2.0 using the plasma-CVD equipment 
of drawing 23 for the comparison with a conventional method. Although the 
thickness nonunlformity in the case of 13.56MHz high frequency discharge was 
about **10% and the average rate of sedimentation was 5 (micrometer/hour) 
when the a-SI film was fomned on the base formed membranes on membrane 
fonnation conditions (6) using the RF generator (13.56MHz and 105MH2) When 
the a-Si film was formed on the same conditions except having set the discharge 
frequency to 100MHz and thickness nonunlformity was measured similarly, 
thickness nonunlformity was about **30%. 

[0116] It is possible by setting the ratio (L1/L2) of the dimension (LI) of the 
cylinder shaft orientations of a cathode electrode, and the dimension (L2) of the 
cylinder shaft orientations of the base formed membranes to 1 .0 to be able to 
solve the problem of the thickness nonuniformtty by a discharge frequency 
becoming high, and to optimize the equipment configuration by the discharge 
frequency further so that the above result may show, 
[011 6] Membrane formation conditions (6) 

- Material gas [ SiH4 350sccmH2 350sccm and pressure ... 0.25torr and 



base temperature ... 310 degree C and high-frequency power ... 
0.5W/cm2[0117] ] SiH4 and carrier gas H2 and quantity of gas flow (An 
example 7 and example 6 of a comparison) The a-Si film was formed on the 
base formed membranes on the following membrane formation conditions (7) 
using the plasma-CVD equipment shown in drawing 7 , having used the 
discharge frequency as 50MHz. In drawing 7 , since the same sign as drawing 
23 was explained in drawing 23 , it omits explanation. Moreover, ground 
shielding for cathode electrode 2 In 14 and 15 are gas ports. 
[0118] In drawing 7 , the space where plasma generating space touches the 
ground shielding 14 and the ground shielding 14 is covered with the quartz, 
[0119] When thickness nonuniformity was measured the same with having 
described above the a-Si film formed using the equipment shown in drawing 7 , 
the thickness nonuniformity of the formed a-Si film was about **9%. 
[0120] When the a-Si film was similarly formed on the folfowing membrane 
formation conditions (7) to it except having considered as the condition that the 
ground shielding 14 was exposed except having removed said quartz using the 
plasma-CVD equipment of drawing 7 and thickness nonunifonmity was 
measured, thickness nonuniformity was about **30%. 



[0121] Its effect only of distribution was large, and when each film measured the 
membraneous quality of the a-Si film selectively in the same thickness part of the 
a-Si film formed with which equipment, it was what can also use enough the 
membraneous quality of the a-Si film formed with which equipment for an 
electrophotography photo conductor device, the tine sensor for an image input, 
etc. 

[0122] Except having set the discharge frequency to 100MHz, when the a-Si film 
was similarly formed on the same base formed membranes, the almost same 
result was obtained. 

[0123] It is possible to be able to solve the problem of the thickness 
nonuniformity by a discharge frequency becoming high, and to optimize the 
equipment configuration by the discharge frequency further by covering the 
space where plasma generating space touches ground shielding and ground 
shielding with an insulating material so that the above result may show, 
[0124] Membrane formation conditions (7) 

- Material gas [ ». SiH4 450sccmH2 450sccm and pressure .„ 0-2tonr and 
base temperature ... 310 degree C and high-frequency power ... 
0.5W/cm2[0125] ] SiH4 and carrier gas ... H2 and quantity of gas flow (An 



example 8 and example 7 of a comparison) The a-Si film was formed on the 
base formed membranes on the following membrane formation conditions (8) 
using the plasma-CVD equipment shown in drawing 8 , having used the 
discharge frequency as 50MHz. In drawing 8 , since the thing of the same sign 
drawing 23 is the same, it omits explanation. IWoreover, in drawing 8 , it is 
insulator covering with which ground shielding for cathode electrode 2 in 14 and 
15 were prepared In the gas port, and 17 was prepared on the cathode electrode 
3. The front face of the cathode electrode 2 Is covered with quartz covering 
made into 20% of numerical apertures as insulator covering 17 so that it may be 
illustrated by drawing 8 , 

[0126] When the thickness nonuniformity of the a-SI film formed using the 
plasma-CVD equipment shown in drawing 8 was measured by the approach 
same with having described above, thickness nonuniformity was about **10%. 
[0127] Moreover, in the plasma-CVD equipment of drawing 8 , when the a-Si film 
was formed on the same membrane formation conditions except having 
removed said insulator covering 17 and thickness nonuniformity was measured 
similarly, thickness nonuniformity was about 30%. 

[0128] The a-Si film formed with each equipment had the large effect only of 



distribution, and when the membraneous quality of the a-SI film was selectively 
measured in the same thickness part, membraneous quality was enough for the 
activity of an electrophotography photo conductor device, the line sensor for an 
image input, etc, 

[0129] Moreover, except having set the discharge frequency to 100MHz, when 
the a-Si film was similarly formed on the same base formed membranes, the 
almost same result was obtained. 

[0130] Furthermore, when the whole cathode electrode top was covered with the 
insulator covering 17, the a-Si film was able to be similarly formed without 
thickness nonuniformity. 

[0131] the above result shows as — a cathode electrode top — a part — ** - the 
whole a dielectric (insulator) - a wrap -- it is possible to be able to solve the 
problem of the thickness nonuniformity by a discharge frequency becoming high 
by things, and to optimize the equipment configuration by the discharge 
frequency further. 

[0132] Membrane formation conditions (8) 

- Material gas ... [ ... SiH4 450sccmH2 450sccm and pressure ... 0,2torr and 
base temperature ... 310 degree C and high-frequency power .„ 



0.5W/cm2[0133] ] SiH4 and carrier gas H2 and quantity of gas flow (Example 
9) Using the plasma-CVD equipment shown in drawing 9 , the ratio (L1/L2) of the 
dimension (L1) of the cylinder shaft orientations of a cathode electrode and the 
dimension (L2) of the cylinder shaft orientations of the base formed membranes 
was set to 1.0, the discharge frequency was set to lOOMHz, and the a-SI film 
was formed on the base formed membranes on the following membrane 
formation conditions (9). In drawing 9 , since the same sign as drawing 23 was 
explained In drawing 23 , it omits explanation. Moreover, in drawing 9 , 15 Is a 
gas port and 21 and 22 are shielding material. 

[0134] In addition, the shielding material 21 which faced the side to which the 
shielding material 22 which faced the RF installation side touched aluminum and 
the plasma formed the a-Si film to the base formed membranes as iron, and 
thickness nonunlformlty was measured similarly. Consequently, the thickness 
nonunifonnity of the formed a-Si film was about **3%. Moreover, the 
membraneous quality of the formed a-Si film was what has property sufficient as 
a-Si film used for an electrophotography photo conductor device, the line sensor 
for an image input, etc. 

[0135] Moreover, except having set the discharge frequency to 100MHz, when 



the a-Si film was formed on the same base formed membranes on the same 
conditions, the almost same result was obtained. 

[0136] The problem of the thickness nonunlformity by a discharge frequency 
becoming high can be solved, and it is still more possible to optimize the 
equipment configuration by the discharge frequency so that the above result 
may show. 

[0137] Membrane formation conditions (9) 

- IWaterial gas ... [ ... SiH4 450sccmH2 450sccm and pressure ... 0.2torr and 
base temperature ... 310 degree C and high-frequency power 
0.5W/cm2[0138] ] SiH4 and carrier gas ... H2 and quantity of gas flow (Example 
10) Using the plasma-CVD equipment shown in drawing 10 , the ratio (L1/L2) of 
the dimension (LI) of the cylinder shaft orientations of a cathode electrode and 
the dimension (L2) of the cylinder shaft orientations of the base formed 
membranes was set to 1 .0, the discharge frequency was set to iOOMHz, and the 
a-Si film was formed to the base formed membranes on the following membrane 
fomiation conditions (10). In addition, in drawing 1 0 , since the thing of Hie same 
sign as drawing 23 is the same as what was explained by drawing 23 / 
explanation Is omitted. Moreover, in drawing 10 , ground shielding for cathode 



electrode 2 in 14 and 19 are insulator coverings. In drawing 1 0 , the space of the 
cathode electrode 2, ground shielding 14 other than formed membranes base 
inter-electrode 3, and plasma generating space which contacts with the quartz 
which is the rnsulator covering 19 A bonnet, It was referred to as d1/d2=1 in the 
rnter-electrode distance d2 of the distance d1 with the ground potential part (the 
reaction container 1 and cathode electrode shielding 14) of the minimum 
distance except the base 3 maintained at the ground potential which Is installed 
near the cathode electrode 2 and touches plasma generating space, said base, 
and a cathode electrode. 

[0139] The a-Si film formed by the equipment shown in drawing 10 was formed 
to the base formed membranes, and thickness nonuniformity was measured 
similarly. The thickness nonuniformity of the a-SI film formed as a result was 
about **3%. Moreover, the membraneous quality of the formed a-Si film was 
what has sufficient property to use it for an electrophotography photo conductor 
device, the line sensor for an image input, etc. 

[0140] Moreover, except having set the discharge frequency to 100MHz, when 
the a-Si film was fomied on the same base formed membranes on the same 
conditions, the almost same result was obtained. 



[0141] It is possible to be able to solve the problem of the thickness 
nonunlformlty by a discharge frequency becoming high, and to optimize the 
equipment configuration by the discharge frequency further so that the above 
result may show. 

[0142] Membrane formation conditions (10) 

- Material gas ... [ ... SIH4 450sccmH2 450sccm and pressure ... 0.2torr and 
base temperature ... 310 degree C and high-frequency power .» 
0.5W/cm2[0143] ] SiH4 and carrier gas ... H2 and quantity of gas flow (Example 
11) Using the plasma etching system of this invention shown in drawing 1 1 , the 
discharge frequency was set to 50MHz, and etching processing of the a-Si film 
was carried out on the following etching conditions (1), having used the 
aluminum metal as the etching mask. In addition, In drawing 10 , since the thing 
of the same sign as drawing 23 is the same as what was explained by drawing 
23 , explanation is omitted. Moreover, 52 Is the electrode holder of a substrate 3. 
[0144] As shown In drawing 12 , the etching substance has at least the a-Si layer 
1202 formed on the monotonous substrates 1201 with which the front face was 
made into insulation, such as glass, the a-Si layer (contact layer) 1203 of n mold 
formed on this a-Si layer 1202, and the aluminum metal layer 1204 used as an 



electrode, and carried out etching clearance of the a-Si layer 1203 of n mold of 
the part with which the aluminum metal layer 1204 is not covered. In addition, 
the a-Si layer 1203 of the above-mentioned n mold is removed, and an etching 
substance uses said aluminum metal layer 1204 as the electrode which counters, 
and serves as a photosensor which makes the field where the inter-electrode n 
type of a-Si layer 1203 was removed an optical incidence field. 
[0145] First, based on drawing 14 , the cathode electrode length I was changed 
for the relation of the 50MHz cathode electrode impedance Zc to the plasma 
impedance Zp in 50MHz, and etching nonuniformity was measured as 
|Zc|/IZp|=5 and conditions which become |Zc|/|Zp|=1, respectively. Here, it is 
written as etching nonuniformity with the value which gave to one half of the 
values which broke the difference of the maximum of the etching depth of an 
etching substance, and the minimum value by the average etching depth. 
[0146] Consequently, at the time of |Zc|/|Zp|=6, when etching nonuniformity was 
about **10% and |Zc|/|Zp|=1 , etching nonuniformity became about **4%. 
[0147] Moreover, when etched on the following etching conditions (1) except 
having changed the electrode length I as a comparison based on drawing 14 , 
and having been referred to as tZc|/|Zp|=10 and |2c|/|Zp|=20, etching 



nonuniformity became about **15% and about **20% at order, respectively. 
[0148] Similarly, except having set the discharge frequency to 100MHz, when 
etched on the above-mentioned conditions, the almost same result as the 
above-mentioned result was obtained. 

[0149] In addition, when the above-mentioned a-Si layer of an etching substance 
was formed by the equipment and the approach which were shown in the 
above-mentioned examples 1-10, the thickness nonuniformity of an a-Si layer 
was extremely excellent also in the property as a photosensor very few. 
Especially in the case of a long sensor, there is no property nonuniformity which 
poses a problem in the die-length direction, and it was extremely excellent in it 
[0150] It is possible to be able to solve the problem of the etching nonuniformity 
by a discharge frequency becoming high, and to optimize the equipment 
configuration by the discharge frequency further so that the above result may 
show. 

[0151] Etching conditions (1) 

- Etching gas „. CF4+02 and quantity of gas flow ... CF4 100sccmO2 200sccm 
and pressure ... O.OSton^ and high-frequency power ... 0.1 W/cm2 and the cooling 
approach .„ Water cooling (20 degrees C) 



[0152] 

[Effect of the Invention] According to the plasnria treatment equipment and the 
approach of this invention, it becomes possible to perform equalization of a 
plasma consistency and thickness distribution equalization with a 30MHz or 
more frequency [ discharge ] of 300MHz or less near the cathode electrode 
especially on a discharge frequency higher than 13.56IVIHz. Especially, It mal<es 
a discharge frequency high, the period of membrane formation, examination of 
the etching approach, a prototype, and development is shortened it not only can 
perform reduction of a running cost and reduction of processing cost of raising 
processing speed, but, and optimization of an equipment configuration and an 
approach is attained for a short period of time. 

DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] It is the structure illustration of the plasma-CVD equipment which 
carried out this invention. 

[Drawing 2] It is the structure illustration of the plasma-CVD equipment which 



carried out this invention. 

[Drawing 3] It is the structure illustration of the plasma-CVD equipment which 
carried out this invention. 

[Drawing 4] ft is the structure illustration of the plasma-CVD equipment which 
carried out this invention. 

[Drawing 5] It is the structure illustration of the plasma-CVD equipment which 
carried out this Invention. 

[Drawing 6] It is the structure illustration of the plasma-CVD equipment which 
carried out this invention, 

[Drawing 7] It is the structure illustration of the plasma-CVD equipment which 
carried out this invention. 

[Drawing 8] it is the structure illustration of the plasma-CVD equipment which 
carried out this invention. 

[Drawing 9] It is the structure illustration of the plasma-CVD equipment which 
carried out this invention. 

[Drawing 10] It is the structure illustration of the plasma-CVD equipment which 
carried out this invention. 

[Drawing 11] It is the structure illustration of the plasma-CVD equipment which 



carried out this invention. 

[Drawing 12] It is a typical sectional view for explaining the configuration of an 
etching substance. 

[Drawing 13] It is a graph for explaining the impedance characteristic of a 
cathode electrode. 

[Drawing 14] It is a graph for explaining the impedance characteristic of a 
cathode electrode. 

[Drawing 15] It Is a graph for explaining the innpedance characteristic of a 
cathode electrode. 

[Drawing 16] It is drawing for explaining the plasma consistency nonuniformity to 
a discharge frequency, 

[Drawing 17] it is drawing for explaining the plasma density distribution near the 
cathode. 

[Drawing 18] It is drawing for explaining the plasma density distribution near the 
cathode, 

[Drawing 19] It is drawing for explaining the plasma density distribution near the 
cathode. 

[Drawing 20] It is drawing for explaining the discharge frequency dependent of 



thickness distribution. 

[Drawing 21] It is drawing for explaining the discharge frequency dependent of 
thickness distribution. 

[Drawing 22] It is drawing for explaining a high-frequency equivalent circuit. 
[Drawing 23] It Is the structure illustration of conventional plasma-CVD 
equipment. 

[Drawing 24] It is the structure illustration of the plasma-CVD equipment for the 
comparison of this invention. 
{Description of Notations] 

1 Reaction Container 

2 Cathode Electrode 

3 Base Formed Membranes 

4 Roiling Mechanism 

5 Heating Heater 

6 Ground Shielding 

7 RF Generator 

8 Matching Circuit 

9 Evacuation Means 



10 Gas Supply Means 

1 1 Insulating Material 

12 Insulating Material for Bases 

1 3 Spacer 

14 Ground Sliielding for Cathode Electrodes 

15 Gas Port 

16 Insulating Material for Capacity Coupling 

17 Insulator Covering on Cathode Electrode 

18 Insulator Covering on Ground Shielding 

21 Ground Shielding for Nonmagnetic Material Cathode Electrodes 

22 Ground Shielding for Soft Magnetism Material Cathode Electrodes 

151 RF Generator 

152 Cathode Electrode 

153 Processed Base 

154 Plasma 

155 Ground Shielding 
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30MHz W± 300MHz mTOMm^mtt^mt 
^tiv~ Kti«itS!tlRir«1i8!i©l5g(i::^7X-7«-»* 

ZpttlV-\^fm(0-<>ii-ify7,Zct?\ Zc 1/ 

KcO-< Vtf— 5f>XZ s h iR*6Saa»#<!:^OS 

-h'^fiSi7)-l've-4*'V7LZc-??l Za 1/ I Zsh I 
£lfi^|Zc|/|Zsh|£l Ol>-rtlA^-3SFSSI 

30MHz JJ(± 300MHz iiJLTO^Mi^^fS^mWt 

:/^XvjarasS-?»fc^T. iasa6«A)(0EniliP*JliSA 
v-KmMS13at<:^m*ti57-x->-;UKtUTs 7= 

y x-^f^^^m^'mrmicmm'mtn^mmt^ tt 20 

^ctmntt^y^x^^mm., 

30MHz JJ(± 300MHz iiX¥<^Mm0Mt}^mi\t 

ittv- K»ffits*iRir«Ba!t©Hic:^7X^*fs^ 

ts nm^nmmwm'ik cl 2) tcott (l 1 / 

L2)««0. 5-1. 7(^)ISIlT*««c:t®!|$1SfrS 

■^vx-^msmo 

30MHzJiLh300MHz !il.T<K)^m^^ti^mXit 

«ft V- mmtt^^t^'mtm^zr'yx-^^n^ 

1E^. «jS±{i:i3IELfcWaSI*'£7°5X^«lSr3 

m.i^^r^f^x-^m^^f^\zmt^T-7.^mti3v 4o 

/l/^f-tAy- Kl^(Ora©llg«ld 20ib (d 1 /d 
2) 6MJX±-?*5Ct«!l#t»t-r«:^7X7ft!f^ 

3 0MHzW±300MH2 JI«TO*ll«W;^3=& WMf 

«*y- K«itS*iHi-r§^^i©^ieyvX^^ig^ 
S'ar> §iSi±iE:i3MLrcasji!iasf*^:/^x-7i!as-r-6 
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iff t -r ^ x^fina^H. 

30MHz Ji(±3ooMH2 ^xTo^m^mhmmt 

S»y- K1l«ii:J^lRlt*Wflii©Bg(E:/^X-!?*36S 

s-H+s mmi:{j:ESLfc*»asft«:^5XT*aar5 
T'^xvfiasaimTSoT, *y- Kmi^j^*''Ris 

m:mf^<:.t.^wnt.t^':f^x-^vim&^. 

30MHz Ji<± 300MHz J-XTOiSJH jffi^i^^EPJlBf 

5*y~ K^iiiSif[^rss«i<fcoiigic7^x^«5ift 

mJ:tci3SLfclft<!Wf!|!*7'7X^*BH1-« 

y- Kmiii:tff?3*y- Fw^tsi^iRirsfimcm* 

30MHz 300MHz iXT©iSjSaS«;^?£epj&Of 
S^y- Km4i<i:ji>flRi-r§mSt«PJlc:;^-5X^=&5g£ 

XT»liM!lBT*»-3 r^ 7~X->-/l/ Ki: b5I37- 

X'V-yL' Ki:-7f5X^|g^^P^<^i^-r5>^Fa**6«»lto-?» 

30MHzJXi:300MHz WT<^>aJSI}J6«?75 fPiffl-T 

^tsv- \^mmti!i'Sp^t^mMt(nm\t7^x-^^m± 

S«±tu@3SLft;«S!lSiS1*«7'7X?js[!fS-r« 

:/7X7iQ!iisa'(?^^T, !SJiassi:#3©ajjin#n«* 

y- F^^i:B5fB;^jy- KSSItjiitlRl-rsffiElcggS^ 

ji<tf^r«lftj!!lSS**co^a (L2) iOib (Li/ 
L2) ^0. 5~1. l£^IEiai:U S-P. llUl3*y- 
F®fii^=Elc|ag*n^7-X5/-/UKiLT. 7'^X 
7§|^Mti:Hr5fl!)»cii:flSttW!l4«l3isr« i: i: t 

Z.t^i^^tt^y'7X-^^W^ 

*i<30MHzW±300MH zlXTCQSJi)iSl:'3«:EP»P 
■r5:6y- KmS<i:SftiRl-r5S@tcDF^lc:/7XT^f8 

£i!f-^, mLt\zmnLtc^mmmw^-:f7X-^mmr 
^y'yx-^m^m.i^^nx. mw^fjomisin.^ 

tsv- \^mmtm&tiv- mmtnm^wzmm 

«|t«)*y-FW1icDii>^<i'6,-*l&©T|-a (LI) 

nm^m^ss^-^^ {l2) ta^ (l 1/ 
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L2) ^0, 5'^^, MDWmtL. M.-:>. MSBAV- 

d20)J:b {d1/d2) 39«1W±-PSSCt?r!|S«i:-r 
ie<30MHzJ}(± 300MHz JXTOSlgiS«?3«-ffll!)P 

Z p i:*y- Km^<?5-f Vtf-^^'VXZ cjfjM Zc 1/ 

I zp 1^5, ffd±, *y-Kii@'&Kyiafc7~x 

KCD-f Vtf-^i'VXZ s h t^^fSMt^feo 

y- FI^W'T V e— S*'y X Z c TT-s I Z a I / I 2 s 
hl^lMolZcl/IZshlSI SSSfc-rciS 20 

!b'«30MH2ix± 300MHz iHTomm^mts^im 
*y- Km®ij2(cg!:s*n^7~xv'-/i/ lt, 

m^m-i 3] MERjis%igiE&$«iF*37. mmmm. 

ii?30MHzW± 300MHz WTC0JSIBjSS?3^EPIiD 

s*^, mffi±fcBB»Lf=ffiEj!as»$*:'^X?j!aii-r 

«1i0AV- KSffi<0'J^5:< ffe-SlRKOTf-iS (LI) 

is 3t!fl^-rSttSaS»**:©\J-» (L 2) t(Oik (L 1 / 40 

L2) ^0. s-'i. ^(Dmmi:Lx■f7X^mmt?> 

*/!30MHzJJt± 300MHz WT^Oiilf ;6a^J=&M 

r^tiv- mmtn^^r^mmtcofsiczf^x^^^ 
s*^. WLncvmLtz^mmm^ifyX^mmr 

^r^x^mmmmx'h-:>x. ^mmmtzit^cDS 

mm-ins.^-:f^x^n^?imimt^7~x'ttmtti 
V- mmt<om6 1 i. mm^wtrdttm so 
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^WUy-t^iy--Kmffi©llroliSid2c0i:b (dl/d 
2) ^■\&.±i:LX7^X^^t^Zt%nmtt^ 

-f7X^mm=^, 

30MHz J.X±300MH z J}tT®^M5S?i^*6Pl)D 

titiv- mmti^(^itiwmt(omic7=7X-^^m 

*y- Kl®SH±c^-a!5X{*±ft:^^mTSo?ctt 

t&x7'7X-^tmt^zt^mitt^y'7X^>iiimjs 

6'i30MHzW±30OMHz iHTOM^iAfiti^m^i 

t^tjv- mmttif^t^nmtmi^:^vx^^^ 
w,m±icmnLrcU^mm^^zf'7X'?imt 
^7^x^Mjm-c&-2T. tiv-\^^m(ommFi 

mmifxmmmmit!;^. y- h'(D-< 

fit 30MHeJJ<± 300MHz WT<7>iSJiMm:^SaiJP 

r-s^y- KlHli:S^lR]^^m^s<!:<^)P^^cy5X7*|g 

*y- F^^tHuiH^y" K®ist3*iRi-r^f£siciSH 
a-ti^ttsasaft^ssisrsas^^t- « :^7Xvji!is 

^g(7>;^3 y- K^ii<7?«iiSepjuSASP*^6Erfit.a 

it)'' 30MHz Ji(± 300MHz OTcOiSHSS't^J^EPflP 

r^tiv- h'mmttimt^Timtaimz^f'^x^^^ 

i.77X7aiS7^>*7-26-3T, T'-Xv'-^l^ KituRT' 

-x^>-;u Fty^xvje^sHaj^tsasB^sfeiite 

3t?30MHzJi<± 300MHz SHT0)Mm}^t}^Wl3a 

^y^^x^SQ^j^STS-pTv Mm^mt!<Dimin^ 
* tifc wss^^MMf ss®s«-r ^ ^7 x-^jiffii 

is Jtfijr««j!!MSft<J!>^i£ (L2) tOlt (LI/ 

L2) «o. 5~i. tommtu ar>. wsn&tiv- 
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*«30MHzJKJh 300MHz JKT©SllS*S:^J*WJ!a 

try- h'mstmsitiv- h"mtnmtmmi!:9m 

mwfotiv- F'mfo'j>ti<t^-i;^(Dt^^ (LI) 
Jt^lst51«j03la^*ro^^j5£ (l2) t<Dit 

L2) *0. 5~1. icOKHiiU a-P. MgB;^JV- 

Fs®s2(cssa-n§7'-;^i'-j!/ Fm^7-xi^ 

diiDit (dl/d2) ««lW±7*5Cii6!|ftti:'r 
[000 1] 

5XvCVDgS^ ^»*7^;^-1'X'¥'^^*?iUT«) 30 

ssm ^mmm^um\zmmm^xii^y^m.. 

m,^\AimW'rf%'ixm<J>:r-j'^ym'm(0-^^X^ 

3 0 OMH zJJtTc^JUJSJiS^JfiltcSffl^lig^y^Xv 
[0002] 

HJiJROJSffi] ^^Ifli^T'ffiffiS-nTL^Sy^XTjOa 
it. ^^W*7"7X-7CVD^S'¥'*-S«fflL^ftSEifc 
IS, ttcXi^'y ^ U V'?•aHl^f>;^;£^^l^fc^ffiB3^g 

[0 0 0 3] i&$lill&tf«!US^A^±(::$trr% 
[0 0 0 4] !tt^ciaJB»l^^ffil,^rc77X^yp■t^;^ 



6 

^ftWlC 13. 5 6 M H Zi!?ffiL^S^l5. jtaSS^gfiBJC- 

l!ae^^t^<®^^^l■!:o^«:?'7X?c v ^mnn-m^m 

23\zmt, ^2 3t::,7^#tis:/^XTC VDlSSi, 

Ris:yea)ii?¥S!85it^*^»*±ic7^yi/77'X->'j n 

[0 0 0 6] jlS/£RltgftSJ^;#S1 F^tCi^^***4l 1 1c 

^"m&^m^Wi 3*''s3a?tiTt^s<, mmm 

:S < * 1?IJ?l(*. ffil^lSairA^ 13. 5 6 M H 
zro^TX^CVDjaT^s KJSA7A'<±1 0%S]gWT 

;^l^£0^^■a^^^a!^^liSft^^P3fSi«^7^|SICD^^ScD^!>S < <!: 

^hi:«^l)SSf$U:<9ligJicr>ft±JiJi^jl^Jvllilli(^M«¥ 

t^KJlT'SJo/cfiico 1 /2«)ffltc±:&#ttT«L/-dSi: 
S«-r§. «ie-3T, gl2 3lC5^t*-n-l.:^7X-7CVDg 

m»3ttiv- K«ffi2(J!>g*®Baffii#nTi.^s 

{fiL[i!2 3^^:33L^T^^:^cOM^1S*iE5|^^:^L7^.^a 

fflUiyra^n^. *y-Ki!ii2(D^^)ytcti. *y 

tc. 7--X^>-/l'K6)b%S4'nTl^^c iS^ifitmjS? 

ttS^iHiK 8 LT* y- ksh 2 tt^* tin^ 
«<, 9i*sssfsim 1 o«;fjx<M#is7ife§. 

[0 0 0 7] mm 1 9 f!:,i:?T3r 

0(cJ:t5T'>'7V*"x> i^-y^-yfix. ^^yn 

<DK-t:>'^«X«!iAL, ISI 05U h-/U*^8S!ii:h 
[0 0 0 8] lg;g;jS«;Jg7 J:y 1 3. 5 6MHz©gJi 

'mmtiv- Ffsmi tcttssLT. Ay- ks@2 t 

ttfiglBia* 3 tWMtcy^ Xv*l8**#Jiif4^X^^J 

gf-r^scticiy. mt-5J4icd;y2oo''c~3 5 
0 -mmszmi^^tzwmmi-^isz a - s i RSJt 

[0 0 0 9] z.oimki5^im^w9mmm.mm 

Wt^ a - S i K=£?§'5fc46(^lta^lStS^Jx,tfv 1 ^ 
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wmmm^t lt a - s i mmimt^^. ^mm^ 
It, 

coo 1 0] tOEfV, miW-^Oi^^X^C 

L>fcP^-?XTCVp5£<0^^ (P i a sma Chem 
istry and Plasma ProcessI 
ng, Vol 7, No 3, (1 9 87) p267- 
2 7 3) StWJi^SK^S^JfeCOl 3. 56MHz 

[0 0 1 1 ] 

fc * d afSSRtOy^ X? C V D iiB*fflL^. a^a^ 
13. 56MHz COiti:} y l^v <fc y iSL^MIjSIISWiS^a 

ro 0 1 2] ^(^SSS^ Mlja[ISc^±tfn:c:i:T'Sfi3f5^[cg 

mm y a«fS=£«^jR j; y isi^if ffljsjt rff^r s c t *^ 

T-^-^ 21 <!: lifil^TS-ftifliS. 13. 56MHz <ommm 
[0 0 13] BPS. !ifcH32i[«:-ttf5J:tT'^7X? 

[0 0 14] cc^^MBAvtt, m^w-mmwos^ 
SSI*. mmAm^y^y-tiy^-s ai«?AVx, it 

[0 0 15] s|i:?g0^OiWttv ±>£iiO)J;3*?J£5S(7)P>g^ 
[0 0 16] 

[8auii«-j»>^'r'S/i:a6(iD#ig!] ±§BS6<)«a^r%*;i 

W^mmiS^ 30MHz J^± 300MHz WTOi^m^W, 
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I z c I / 1 z p I tititt'^-imm^mm 
tr7-x5/-/i/ Fo)'f vtr— sfyxz s h tnimmm 

Zat^jy-KlffiC-Ofcf-^fVXZct^l Za 1/ 

izshisifl^lzci/izshisi m^tn 

[0 0 17] ttcs *fgB^«D:^7X^MS^gtt> JiiE 

10 m'&r^mmnv. si^saia*^ 3omhzw±3o 

0 M H zJKT<7)Sjgia!S*«E|3i)Pt 5*y- K^fisiSSf 

[0 0 18] isfts ■^mmcozf^x-^msmm.ii. m. 
20 Rsmr^j^&mm-c. mmmmm^ 3omhzj^±3o 

m^mmt(omitr^x^^^^-^^. mm±izmm 
LTc^m^mw^y'^x-^mmt^y^ x^mmmmz- 

'j?&<it,-:&iS]co\j-a (LI) t. mt^nmm 

#C5Tf»(L2) toik (t^/L 2) ifio. 5~1. 

30 [0 0 19] 2^#gB^W77XvatS^a(*. 

RfSBS^JSigigl*!'?, fflItt^3fill!Cfi« 30MHz W± 30 

0 M H z&rf(D^nmi^^msi-^tiv- mmti^i 

l^t^umtcOflSify^X^^n^-iii. m±lE:Eg 

Lr!:mmm$^:^7X^iimt?,:fvX^im^mz' 
io-ox. «saaasft*fctt^-tosi**is}$LTt^s*/i/ 
^-wyfT'S-3T*v- rmim^ttiKriy^x^ 
m^Emtmt^T-xmmtttv- ^mmtcomd 

lis B3lBaJi!lS»*$fci±MlB?)^;U^f~t;*JV-Km 
@iC0PJ©lgiid2®J:b (d1/d2} )bMJI!U:7SSC 
40 i«!|fSi!ir5. 

[0 0 2 0] mxT. *ii^©7'7X^jaaesiiv m 
ERTftg^siSiiigsrt -Cs mmm}Am 3 o m h z w± 3 
0 OMH z!u.T(ommmntj^mnr?>t>v- Ffimt 
n\^t^mmtcowzy^x^^^^i^^. m±i^m 
m.Lt!:^^mm^7^x-^^t^ ^^x^^^mm 

[002 1] srcs *fg5.8CD:^^x^sasi£Stts ms. 

wmmm^ 3omhzj$(±3o 
so oMnztsiroMssmt^^mutitiv-mmtn 
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[0 0 2 2] SIC, :^m(oy^x^mmmmit. }m 
^mis:&mmv. t&mmmm'^ 3omhzw±3o 
oMH ziin:<D^^)&mtsmtiut^i3v- 
mt^^mt<D?si^7^^x-^^^^'^-^. wmiimm 

mtiw.m^-^t^77X^mmm<otiv- mmoi 
[0 0 2 31 :^mm>:f'7X^mmmii. MiEERrssa 

JEflS^SSP^T. Sfe^glSSik*^ 30MHz J.X±300MH 

7'~X->~;l/K^Buia7'-X->-yUK(t-?'^Xv|g 

[0 0 2 4] ^^gB^tDT'^Xvia^Wis «E^8g«: 
ffltSjiSeiS*^ 30MHrJ;<±300MH 

^mw^7=7 x-^mm-^ y=f xt j§sg!STa o 

K«ii:S*flR|-r§^StclSa?4ircMS»t:«SBt 

<i:t-:&iRi©^jS (LI) jt^rRifsttjaas^*® 

(L2) t<nlt (L1/L2) ^0, 5~1. 1<D 

VMtL. fio, m!3^y-Kmffiraa(!:^is*n«7 
-x->~;i/ LTs y7XvslSSF,g^c®r«^su^^:e: 

[0 0 2 5] *^07f7X?il!raiSgtts MERrige: 
SJiS§Sl^-es fiKmiaiStft'i 30MHzJX±300MH 

^wim^ -7=7 x^ sasts x^&a^MT'S 
Ts s^i6^:^(DEpjt]p#ti§*y- KrastMi5:*3y- 
Fii®ts>fiR)-r«iffimii:iss*nfi:Mas»4rigs-r 
««fi*#f «y?x?jiQaisiio*y- YWmiym 

<tt-:fsm'&ii (LI) i:. )ittiq]-r«i5Siiass<*<?) 

(L2) tcotb (L 1/L2) *0. 5~1. 10 
«Bil^U i>ri3«y-K«ilBffl2(i:|31E;^n«7 
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/ct*'e®»i*^«3$uri^Siifx/i'if-=&ii< *y- 

{glc®«**var:>:^7X??i^l!5tcg-r«7-xaaS 
^f-<!:;^7y-KF^cD5i^d2(^>it (d 1/(3 2) W 
[0 0 2 6] Sfc» *5IWo;y7X^S!Bl*at±. MS. 

wmmmm> B^ismi)^ 3 o m h z w± 3 o 
10 f^t^mmt(Jifsity'7X^^^i-^. nm±i^m9. 

*^T. T'^X^fVtf-^rVXZpi^jy-KSffiC!? 

-f>'t^-^^'>'xzc*< 1 zc 1/ 1 zp 1 gs^ sfc 
* y- Ka<i^«( y Ht? 7-xi/-/u k©< > 

^/U^f-f^-rvkf-^fyxz a i*y- K^^ii^-f vtr 
-ify;^zcr% izal/lzshl^im-^lzc 
i/l zsh I gi^5Sfcrc<t«i#ait<fc-r5o 
[0 0 2 7] ^^mcD-:f^X'?mm^mt- ME.m^^ 

20 igjS§igf*ir\ Scm^sfiiSifcS 30MHz «±300MH 
zJXTflDBSJfttt^'&WIlII-rSJby- KWffliWlRlf « 

mSiror^lcy^X^^fl^S-e. mfe±lrg3^Lft*S 

t&msw^ ify x^iaisr ^ -/^ x-7sas:&>s t-jb o 
Tx ft;i;^n^jora*n^*y-KSffi)S)fl(::is»* 

s-r^mtCjiNssftWif^^iBKt/ctt^T-y^^xvjaigr 

[0 0 2 8] *§SRS(D::^^XVja!.S3^S[±> SERltg^ 
30 SJS^#5rtr> WMWm3 30MHz iX±300MH 

zWT©;sii?*«:^*wj]p-r«*y- KSffiiS^iRirs 

1E|li:<7)Wc:/7X^^?§S*-l*, 1l®±lCB3SL/i:ia 

iS^jftsi:f]owspjn**y-K«iii:i!!H3*y- 
^ms^^n-S'P'^x^saasswfty- kihw'J^'S 

<<!:t-:*^£OT|-a (LI) aiRlfS^iMSSI*© 
(L2) tODit (L1/'L2) *0. 5-1. 1(0 
SEia <!: LT r^X^KHg-rs C ISt-rs. 

40 [0029] im^m-^^ x-^^mn^\t. ws^ws. 
mmmnrt. wm.wmis' 30MHzJi(±3ooMH 
zWToiSKiis^^j^BimR-rsAy- ^nmtMm^ 

sas«i*« x^sasr « y ? x^jessmts ■=> 

w«.7»a5^T*y- KjfifliKRtistxMrjy^x^s^a 

^P^te^r^T'-xmSi^y-KBjltroEgilfd 1 

Sul3^ai£lM#^/tt±B5ffiiih;l'^f"<i:;<jy-Km«i 
C!)!Hfl3ffiIltd2(^)Jt (d1/d2) «1«±i:LTy7 

50 x^iaa-r«<:i:=£mt-r5. 
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[0 0 3 0] ^^moiy^^XYmmismit. MEBrtgiS: 

Wimmm^t^ 30MHzJX±300MH 
T. SJiSSS?3C0EPUPT*n«*V-K®Si«iI±05-SP 

[003 1] *58^(75:^7XTj!as:&'^tis jSERieg^ 

JSIS;^SF^T% Wm.m'm.i^ 3DJV1H2WJ:300MH 10 

Lifc^^V- KO-f V5i~i'5J>'X^^J-«fl-65fiU77'7 

ro 0 3 2] J|s:?gB^{0:;^^XTiaiS*Sttx MERlig^ 
E]tS§»rtT\ 30MHz JK±300MH 20 

WftiooF^tcy^X-^'&fS^J^ts l^±tciBEt/ca! 

saastts XvMT^ XYSaas^'^-So 
Ts HJiiSll;^]OEPl)n*n§*v-KliaiBiife;t(V- 

5wii^#-r^:/^X7jaai!^ao5* y- Ksnrosn 
[0033] ^fgpjo^y^ x-^i&mijmt. ms.wm^i so 

j£*6:$Sl*lf, S[mJij6IS:3!j<3 0MHzJe<±3 0 0MH 

mma^t: -^^ xvjsm-r s xv sasi^a?*^ 

T» 7'-X'>-;i/Ki:BiiBB7-x->-/l'Kt:^5XTS5 

[0 0 3 4] %mm-:f=7X-^>smn^\&^ mwsiWs. 

SiSSSl^-??. WkWmiS' 30MH2JIX±300MH 

m«ii:0!aic:^7XT«§64*-S, ®S±tc|BSL/-clS 
joasft* :;'7Xvj!aa-r5 ^^vx-^saaj^ffi-cs:? 

T. is^ifiigi^cDEpjp^ns^y- K««<tMiB±iy- 

«^te*rs:?'5X^j!aa^E0);t;y- 
<<!:fc-*isoTrac (LI) wiRifsiSiaiaaM*© 

CL2) (L1/L2) =£0. 5'-1. 1 C^) 

-xi'-J^K^:Lr^ y^XTSsaaiHicnrsiUKtt 
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f Jic^Nii'l4W«BSiiUfett(iT:^7XTS!ist-« j: t 

[00351 i^W^<n^'7X-^%mH^^t. ^Rf^a 
Sj!S@|gl*lTs S5tfflBiaa»<J«3 0MHzJ5U:3 OOMH 

'mt<f>mLf'7X-^ikmc.is^. 'm±.\mwK.tcW^ 
flisss*^:/^ xviasf « xvSKi^aT'Jb o 

^^ii^trs^/^x^aa^glgo^y-- K^aw^* 
< i:%-*iRi<^>Ti-5S (LI) ssfiRi-rsasaaJSfl!© 

(L2) <t©J±; (L1/L2) ^0. 5~1. 1 <D 

roi$r§^ia*«6«iiizi'pai.\ SIC, Btis*ssass#* 
micnst^-:>:/yX^^^^m\cmt^y-7,mm 

^f~i^;y-Fr5«)SgSid2«>lt (d 1/d2) iS«1Jit 
[0036] 

[0 0 3 8] MmT&nm'i 5 1 tH^^j^nrciajs^i 
^^*y-F«si 5 2±iE:aij)p, ei!*-B:v i^»y- 

(7) t}V- Fiffi ; * y - Fo-f > tf— s*">x z c 
lis *y-F®sa[ffifii^»Rcv •fv$^'^?^^vx^^^ 
Lctr^ts 

Zc=Rc+jwLc 

(-r) 7vXv; ::^vXv<i!)'rvfcf— 5fvxti. ■?'5X 
^mn^im^ p, ^^X'^tjijy- Fm^isi^ttsa 
aa*<b<o«^fl)-i'^i-vs'-x©^afie5^c p 5 

Zp = Rp + 1/ j ckC p 

C^) «iQa»i* ; ry- ¥mmtii^w.^w^o-< 
xm\-&iitit. 



(8) 
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Z a = Ra+ j wL a 

[0 0 3 91 tCHTs iSJiiS^iililfilSWtcMTs ±ali 

(2) :^3V-Kffi®<tSfn,>«->'7X7<7)-i'vtf-^*' 

roo4 0] SSSJi»^±if«tv AV- 20 

-X->-;[/ K 1 5 5 fttSBtSiEfs »y'-Xi'-/l/ Kt. 

^ 1 
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i:t.«LTt^5iS^fe*<. :^7X^i:cOWcD'rvtf- 

iSiiSr^^^fty LTts ^S'3S^t33^,^T[±7'-X<>:0DlH^^: 
{BJ8*^(^l'>'tf-^i*VX (Zash) %#LTl.->5, C 
Z.-^. *y-K<!:^«i!BSS»i:0F^<^'rvt:-5*">X^ 

*y- Kco-rvt?— s^'>x<i:y^.fty-Ki:7-x->'- 
IS^v 7'~Xi/~/l/K^aP«ia)ISLT7 

-xjcjSE+iTL^cjfcy. 7'-x$'-;uFJSiy(^iasa 
^#6':*:* < ss y jsatnAi'T'-xi/-;!/ *) {z.mmtr 

[0 04 1) tX±©MSS?02 3CO7'7X^CVD^g 
(7) WffiflO'Tvfc^-irvxttfiSWJSIsftiS, «m « 

[0042] 
[SI I 





Al 


Cu 




S[[S304 






3. 24E-02 


2,58E-02 




L 69E-01 


6.67EfOO 




2. 29E-04 


L8SE-02 




L 19S-01 


4.72E+00 




L 08B-02 


8. 17B-03 


2. 06E+00 


5. 83S-02 


2.11£t00 



[0043l^ftE13 t£3PM'l4W*i^^ffiT\ lUg 

z.(i:>mm.<r>-<y\i-i^yxzc\mthE'<y999y 40 
xfiEjtiCcfcsi've-sfyxT'Jiii^sns. 

[0 0 4 41 Li&'L5S:!!j<'5l!5^14t*i^^fflt^fci^^Sffi 

ffiin^»RcA^±^<sy-r>e— ji'yxzctt rzc 

= R c + j (0 L c J J: y S»«§tt§ e: tfi^^iJ^p 
(-f) I Zc I =1 44n (1 OOMH z) i;:fe.&Ay 

- H'«aJ:T?««ia**7©ya-m!:J:S7'5Xv 

[0 0 4 5] Ell 7tc^S-tiSJ:3tc>fjy-h'^®s ji* 

a««s<, »Aa54^6iii*i5ic«g-3Tr7XTffiiS3B««i so 



VXfigiJ L c {C V If-^f VX Z c OlSllPlCff ^ 

(■if) ^jy-KiaiiSffi§ill*lii7~Xi:®SiStd1 
d:*y-K113i<!:34[RlSffit©iS«td 2©ib (d 1 /d 
2) ^0. 5tLfc-r^:to-&S*lRl^ilJ;ySJfBS#Sil* 

3a-J''ttfcJi'^r-ro*y- Kv ssfiRisi^BJicy^x^ffiie 
[0 046] ccTi^i-^tAy-K-RjsessrtSi 

10 0 4 7] W±CDr7X7ffiS«)A7«Ea2 0©lff 



( 9 ) 
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[0048] ibl3J<!:L,TlBi;S|2 30!>:^'7X^CVDg 
gtCT«f«ia!ffl*nTl.^5 13. 56MHz 711^^ 

W^a/l^O. 04mtt^t. lOOMHz-el 
Zc I l±i(i?I1 4 4. 3fiT'fe-3fc*y-K-fyfcf-'Si'> 
Xiil 3. 5 6MHzT« I Z c 1 tiS«n 9. 60tft 

[0 0 5 0] A)y-KSS±r'mas**T©:/ 

[005 1] gll 8f£:SL/2:c!;-3(CAy-Km StfRl 20 

z cojHiJBtcff ■5ia)giSSE0:^jy- K±®e«tDMa 

ttl 3. 5 6MHzT't±titA,i~l,6n&l^Ci:^5^L 
[0 0 5 2] tif^T, lSaTS^MS-r5ct^'>!&< L 

[0 0 5 3] $fc. m2^^c^iH^j^^lctly-m 

[0 0 5 4] JW±S^L/=J;dlC1 3. 5 6MHzar>^- 

J; y IS < S c i: d 6 OP.3S6^;'c^ < SSi-r « CO 

[0 0 5 5] 'n5(75F»m*ir(??iS;^d;y^^gPt 40 
l|*i:«:.S6^*f+5liJ-r<&ri;i6, il2 3cO>'7X7C VD 
S|g«ffltM3. 5 6MHz'-3 0 0IVlHzT'fi!tS«fT 
l\ lai 6{cS'4r<D77X7a5]tA^«'5lJffiLftJgS? 

filiS/J^fiiwM^P^^X^SB^cDSFi^fiilcTij-sfclii: 
[0 0 5 6] mi eiCTjitti^^viz. ■:f'7X-^^Mh 

^ t± 3 0 M H z mm'Z'± 1 0 %jx±<t !S: y wmmmz 

Assy- KWttffl-Olf-^fVXlCj^^BiljfiaEO!) 
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0 0 M H z tSiSatOS-g-IUBSt^tSfWiaiil!: 

COfS^i+iliLftKtC^v 13. 5 6MHz 7(*|itj3 0 e 
V?«fe7feib\ 3 OMHzT*t±*«Jl 5 e Vv lOOMH 
zJta:T'«» 1 0 e VT'ftoft, 

[0 0 58] ^mm^^<n?^^^tyT.^ii^-^m 
ffi■r§7'p•tx^cfe^,^T^^^ c©i*;i/:^^-its^'j\#< 

3>5t. 3 0MHzW±©:?'PH2X(C£l,>TJ::<^>tilWIMI 

[0059] ■f-<lT'30MHz~3 00MHz7<^s:^l 
5»y- K'r>t-5fvxtcJ:«iSffiiSEB?3«*IStE:J; 

(1) tiV-¥'^<J>^>^-^y7.ai:k^1s\Zc 

I , :/'7X7'i'>tf-4ryx©:*;** I Zp L fty~ 
KtC)PitfRi-r«lSa)-<y tf-$«'VX«):^tTr I Z a u 
Aiy- Kjfi^lcaM*n-57'-X->-Jl/ KOOtf-lSr 
yX:^** I Zs h I , tEMffi!!)^»Si:S*3n«c:i. 

(2) ^jy-K, s^i&imsr^oy^xvsgSNe ijitf 

(3) tiv~¥mm. ^^xv, 3^l^lmffi^—4^^^'^?c^) 

10 0 6 0] ^CT. E12 StCS^tL^tMt^^SlCT 

1 Z c I / I Zp I (CStfr^W^O^^X^^Jgi*^ 

mmLtc, ^^^XT-otf-^rvx I Zp i ttis^jg 

[00 6 1] ^-©^11 I Zc |/[ Zp 1 gSJ6:5^# 

T-r7X?ffi^/^7!{;«± 1 o%WTtc*ysfcei/5t/:»7 
t±i 0%jj<-FtE3&yMi?:5^flJos§-tt*^afiS7t«c 

[0 0 6 2] I Z a I / I Z s h 1 SU= I Z c I / 

I zsh I \z%t^y=7X^^mu^mMUct^^ 

|Za|/[Zsh ISlfi-^IZc |/|Zsh|g 
1 35:5^#-?y5XTffiiSA5A'<± 1 0 %JitTi* y s 

$fi:liffA7'b±i o%WTtt:3S:ymi^fl;<oi^~tt«' 

[006 3] S/c, li23tC5t*n«gaiCTNe 1 6 

N e 2 ss^frt L-T^^jy- Km nwmmumT 

mh3^m&Lrci:i^z± i o%wT®jiJi^^fl5©i^- 
10 0 6 4] mmizii\/-h*WMt^mt^m<om 
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{7-X->-/bK) B8flO:/7X?af]KNe 

2 (O^ma N e 1 > N e 2 tft y Sfc CtT^aSffT'SHA 
0%Ji(Ti:3S;yiil?ij'^©t^-'|f*JifigT#«> 

[0 0 6 5] Sfcs *V- KSS-r Vt!—5fV7.. ^7 

[0 0 6 6] W±v JfeF~«::^5Xv^#«#fSiLT 
(a) ;<7y-KmffiJ£®(^7-X'>-/l/FW«;tlC^o 
T I zsh l^mt^ct (I zsh l^:^c*<-r 
$) . Cb) Ay-KWiStJt!H^mffiftroBi#^ji« 
[crSCt {tlV-F^'f>ii-^>X0±^1f \ Z 
c !«'Jv*<U aoNe1>Ne2*3ifie) , Cc) 

*y- F^mt^oittm'mmoiisimsmttiv- kh 

©EgiSIt OM^^iiWJC-r 5 C<t (Ne1>Ne2[cJ: 

I z p I ^mmt^zt C I z p I <t- 
5) s (e) Ay-KWKD-O^i^^^fVXfig^LcS 

mt^msmac c [cT5^iijt*y- KSii-ofc:- 

^f'vxcD:*:** I z c I mmt^ct ( ! z c 1 'J\* 

<-r^) , (f) tiv-\'wmtmt?>mmo)^m& 
(Ay-Kma-fytf— si'vx«)*#* I z c u ^5 

XT-<>e-^rvx©^#* I zp ! stWi^Sffi-rv 
l^-^ry;^«>±*? [ za I ^^m-^^L< L^yX 

-7mmm\^±) . (g) t/v-Fmrn^oT-x-y 

(N e 1 >N e 2(cj:yy^X^SigiJ-?|5«ffRi±) , 

[0 0 6 7] ccTs *S§i3©*y-Kmiimi:^*fifiJi 
fi#t©M#©it*|!gS-r5l^B^i LT!|f ^¥4 - 2 1 

10 0 6 8] Lis'Uj.iy'immmis mmco^tm 

itt LT(r)EtimT^t!S> i: 1 3 . 5 6 M H z "PtifiBK 
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[0 0 6 9] ±zmmi,t-mt LT-ffiW^jT^^x-^sa 

t}\ ^Oi:f'yX^WMyn-iiXT':SbiXJiyi'V><f. 

<7?)Sj3i:&a(* ::'7X7c v D^(om^tsmitm l; 

10 [0 0 7 0] fifoTs *^B^{*::^7XTCVD^@tD^ 
[007 1] $fc±KllLftSE;Rtf:^at*^^;^*$6t* 

mmt!imi&t^ cnz^ y j: y -H©ja?s€Je-r c t 

[0 0 7 2] *^p^(©Ay-FmSo-i'Vk:— Si' 

20 VX©^**ti 1 5 OfiWTfr«Cltl*ffltSroi||-'lt 

[0 0 7 3] iXT^ mm^mtaam^mifx:^ 

[0 0 7 4] :$immuTizmm-^n^mmmtt 

[007 5] 1 sr^htK^y Dm tcg^* 
30 *«bj<d:^^Xs'C V Dg@^ffl^^T^ iKWHi^s o 

MH zStj^l OOMH ztLT. Ti3«>^K^fe# (1) 

va-s\mmmm3±izmmLit> as. igi 

[0 0 7 6] SI*. 5 0MHzT'ff)»y-Kmli-r>tr 
-^rvXZctOMffi^HI 4^c»^l^T, S-ircDJiJSJS 
Ta)yyX-7'fyi^-'^y?^Zp[znLtiv- FSSfi 

l*S^.T, I ZC !/| Zp 1=5. IZcl/ 

I z p I =1 ^?>mtLmmu^^m^Ltt, 

40 [0 0 7 7] *fcI^*icDfi£S?S%ft (1) TEI 4icm':S 

i-^xtiv- mm^ I I z c I / 1 z p I = 1 

Os I Zc l/l Zp ! =2 0&«^#-?liJiA5«J:b 

[0078] ^(Dl^mmi*^ tt. liSi^A^ 50MHz 
CDB#. I 2c I / I Zp I =5-eji?)±1 0%s IZc/ 
Zp I =1 7l?)±5%ift-3/i:. ttttS«iLTs I Z 

c|/|Zp|=10.. f Zc I/I Zp ! =2i;L 

50 [ 0 0 7 9 ] L, ■f-ft^'n©iltt»ft©*©»»S<^ 
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# < mmm^m-v^mmiz a - s i mmn^m^ ltc 

•otc, 

10 0 8 03 ^Tc. ffi^HsSdlfcl OOlVlHziLfcl,''^ 
c I / I Z p I g 5 aslfe^!f-miS«^«fT5 C t ic 10 

^^1^ (1) 

•TOA'X • • • S i H4 

• ^^<JT-1i7.' • - Hi 

' ^Xmm •••SiH4 350sccm 

Hi 350sccm 

'Et} • • • 0. 2 5 t o r r 

•S^SiS • • • 3 1 0=C 20 

■M^'AWt} • • • 0. SW/cm2 

[0082] mmm z msYmm Dm 11:5^* n § 

tfl 0 0MH2i:LT. TsaOfiE^g^* (2) T'a-S 
[0 0 8 3] 33:». IS2(<:a3t>T» 15«*y-KK« 

6nfi:^}~xisain> 2 1 ai?2 2T'g^*ti.«t.(D 
[0 0 8 4] Sft, ^2^!:fc^,^T, a^lS^AfiiJtcsL 

[0085] :^fiW(]:)^{1'<>:a)iimMb. S 0 M H z 
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■!?|Za|/|Zsh|=10, |Za|/|Zsh| 
= 2, I Za I/I Zsh |=K I Z a | / | Zsh 
1=0. 5^ ft5^#JitJ: |Zc|/|Zshl=1 
0. ! Zc I/I Zsh ! =2, I Zc I/I Zsh I 

= 1. izci/[zshi=o. sts.^$kWTS. ma 

[0 0 8 5] a2tC5^#n«d;^tC, iZal/iZs 
hl^lS-PjZcl/IZshlSI Xm-l^^\t 1 

[0 0 8 7] ^i(\.'^(mm^<r>di.(njmi^± 
$ < iwiKJf «»iT-s»e*)(c a - s i 3mm%-m'^ ufc 

[0 0 8 8] fijJlJi;^^^ 1 0 OM H z <t LftWWi± 

fljfili Lfc t c 5 « \smtiimmm s nfc. 

[0 0 8 9] W±<:ogS^6^SiJ6''5J;-5lCx *V~ KW 
SKO-f^tf— sryxtT'^X^'f >e-^?'VXtctS: I Z 
al/iZshlglJi-alZcl/lZshj^lft 

^m-x-mmm'm c t j; y isw/ii^tkii'^B < ^ 

[0 0 9 0] (2) 
•JlftS'X • • • S i H* 

• ^'^^}T-t7. ■ • • H2 

• flrxSR* •••SiH4 450sccm 
H2 45 0 s c cm 

■ Kfl • • • 0 , 2 t o r r 

•SftjSS « . . 3 1 O'C 

'%mL%.-h • • • 0. 5W/cmJ 
[009 1] 
[$2] 
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22 



1 Za 1 / 1 Zeh 1 


iZcl/lZshl 


0.5 


1.0 


2,0 


3.0 


0,5 


4 


9 


13 


20 


1.0 


3 


10 


21 


31 


2*0 


121 


18 


24 


35 


3.0 


17 


23 


32 


43 



|Za| : AV" h*j!4lfil«S-1'> 
|Zq| ; 3^V>- FSS-r Vfcf- 
I Zsh I : * V - Kig^T-Xi/ 

[0 0 9 2 3 (sjuffij 3 ) isi 3 izTT.i^n^mmMmy 

1 OOMHztLT, TiBODfiJtfliSift (3) fa-S i 20 
li*«W9S«<*±lJ:j^fi8Lft:, g|2ttfcl,>T, 02 3© 

l^-^i |5l U^-^TS^ 3-ti5 1 H 2 3 TiSB^ Lfu t © 

^,^r. 1 4(**y-FSffi2ffl£D7~X5/-;l'K, 16 

[0093] tiv- mmiitmmimmmi^^m-i 

c:n{::<|;yAy- Km2tO-i'>'tf-^f"v;^{i5gMr5 30 

— sf>;;^{±iij^wit&mafiisssa5 o m h z o 

1 OOMH onT-SSrpft. 
10 0 9 4] Mg3Lfc;^'ati:j;y]ieA7^^JSLft:i 
l|itl+8%t3S:y^ ttc. a-S i li«)liJS*iliyj£ 

[0095] jKlJSife^^l OOMHztLfcl-Xm*± 

E LftSfefr t j: y a - s i m^mmawm 

[0 0 9 6] Jj<±<3?teSA^eib!b^SJ;7tc, :^y-Ka 
[0 0 9 7] fi8ji^b^'|= (3) 

• mm?. • • • s i H 4 



• ??X3SS •••SiHf 450sccm 
Hz 4S05Ccm 

• &tl • • • 0. 2 t o r r 

• ttftias . • • 3 1 O'C 

'mm'Ant} • • • 0, sw/cm^ 

mmAmtiv- mmum^^mKmci^Lxm^m 
s i ^$wiiSf*±i;:fKfiELrc. m^Kisi^z. mi 

int&i^mimm. ^ ^ittiv-i-'mimy- 
1 5(±*y-KssitiSi^6nfc«'xi«ai 

PT'Sio $rcJ:b1S<i:LtE12 4W:^7XTCVDS^S 

miSimzT-7,m,mmfttixi-'^Pin'^^woiT-7. 

[0 0 9 9] S^frT#gaLfc:^>4{cd;yji/iZ,7«;ffl 
[0 10 0] ^n^na:)mit^^(03^<7)mmti^±^<n 

[01011 ttHISsftiStS 5 0 M H z le ucimitm 
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10 1 0 2] ^X±.a>^^tf^t>ti'^^=y\z, tiv-¥m 

[0 1 0 3] figJSaiff (4) 10 

• 11*4;!?;'; • • • s I H4 

• ^t'jy-^f;^' • ♦ Hz 

• •••SiH* 450sccm 
Hz 450sccm 

• E.ti • • • 0. 2 t o r r 

'••310*^ 

'"^^T^Wl ' • • 0. 5W/cm2 

[0 10 4] {•msms'mimmA) m\tmi^ti^ 

y^XTC V D^B^ffll^T. W.'^mmL 10 0MHz 
tLT. TIS©fi8fli^t (5) 7a-S i H^fj^^HS 20 

[0 10 5] ^fc, m^ro^t::, :fjv-Kiai2t^)jaes 

J1/K6} troSElid 1 tHulBa#3t^y-K«ffi2<!: 
©OT^^d 2 t<OP«g(^J:b. dl /d 2<7)ffl. 3ti«d 1 
/d2 = 0. 5s d1/d2 = 0. 9s d1/d2 = 
Is d 1/d2 = 2t*'5.i:5tcSft^'itfc<, 
[ 0 1 0 6 ] ±IB Lfc d 1 / d 2 (D%:WX'^m-iSt\fz a 30 

5, *'«?IO!i::*t7±3 0%s **j±l 2%s iia±l 0%s 
±7%tlS.-z>rc. -P^ys d 1/d2 0'(i6MJJU:<!:i& 

to 1 0 7] ^n^in.<omtiii^0^Ci^1S'±^<. 

n l;liffSlS5^c!)li^!:•^o^T«!5»«(c a - s i mm^-^ 

1 0 1 0 8] fife^lim^ 5 0 M H z i U/-cW^«±g3 40 
Lfc*tt<!:l5)«(c LT a - S i l^[g«©*S^fieiiSt*:± 

icjisfiit L fc i d 5 n ^mm(o^m3^% e nfc= 

[0 10 9] Ji(±<0|tS*^efe*>SJ;3(Cv tiv-m 

d itmm^btiv- Ywrnt-nwrnmrnd 2-pd 

1 /d 2 £ 1 t-Tii c ttEiJ; yiS:mS;m^?ia< ^j^c 
[Oil 0] jiKlKfefr (5) 50 
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'WMiST. • • • 5 i H4 

• :t7X!?SS •••SiH* 350sccnn 
Hz 350sccm 

• B'h • • • 0, 2 5 t 0 r r 
•S^SSJg •••310°C 
•ISS'S'BI^J • • • 0. 5W/cni2 

[0111] (n wj 6 ikx}mm 5 ) H 6 tcs* 

y7%7CVD^il^fflL^Ts *y-Kl®<OHIS«l^ 
lRl0^j■^ (LI) ittJ5!ilil$^*COR^«:&lS<^>>f-» (L 
2) iOtt (L 1/L2) OiU SSsftlSISO 

^SJISS^ (ffi(S)S5SiS) ^ 1 0 0 M H z <!; LTs TIB 
(Omm- (6) 7a-S iK*«lfi21Sl*±(cfgfigL 
ft. |g6^E33L^Ts gI2 3iili;?9F^«S2 3{E:i5l,M: 

[0 112] J!?^$nfca -S i m^. §ti3Lfe:3&JSlE 

[0 113] Sfcs fe/«#nfca-S ijeoKRtiS? 

[0 114] m^mtomnotzib. laisto^^^^xv 

C V DgMS:ffll^Ts tsv~ KWitttfiMSSftO^Rli 
tt:^lRia)-?f5£Jt=&2, OiU 13. 5 6MHzS?/1 
0 5MHz<DS;ii^«S'£ffll.^T. fiUll^ft (6) T'a 
-S lliH«ia^)!ia#±lCfl?^tfttC5s 13. 5 6 

MH z£DiSJiMj5(!iaiDii^cDK)f^^tiS<J± 1 0%s ¥ 

«1 OOMHzifcL/cWi^til^UlfefrTa-S I 
ULs W«{CKJiA7«aiJSL/i:<!:C5liJ?i*7ttS!l± 
3 0%T*-pft:, 

[0 115] Ji(±©^eil6^6!b6^^J:dtEs >bv-Km 

M<7)P3!s«i35iRic!)^-;« (LI) mmmsmoimim 

lR|OD-=d-a (L2) tOtt ^L^/L2) Otti 

mmitti c t *^ nii6T'&«= 

[0 115] fiSm^fl^ (6) 

• mnnx • • • s i h 4 

■++'J7-:fl^X" ■ • Hz 

•^XSftS •••SiH4 350sccm 

Hz 350sccm 

• Kti • • • 0 . 2 5 t 0 r r 

•si*ajt • • • 3 1 o-c 
•gJHiS'S:^ • • • 0. 5W/cm2 

[0117] (HM 7 mmm q) mi it^* tis 

T'^X^CVOeil^fflt^Ts S{«IHjSa»S-5 0MH2 

tUTs TSWlM^^f (7) r-a-S i l^S^liS 
#±icfi5j5gL.ft<. il7^t:fc^,^Ts E12 3ii]L;i$-^iiil 
2 3(c33l^TiKP^t/£:CD'??lfJR^^tBS-r§, *fcs 14 
W:*y- Klffl2ffl©7'-X5'-</l' K 1 5 tt#X«ai 
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[0 118] g| 7 infcl,^Tt±v r-T.-V-ZUFl 4t, 
[0 119] |g]7(C5^#n5^fI^fflt"^TJf?J58*tlfca 

~s iffil«iri3Lfcc!3<!:W^l<:SilA7«ll;SL/ciJi 
[0 12 0] ^-ntCS^fUv E170jr5X7CVDgS* 

• (7) -pa-S I l^m^LHWA^SSSSSLfetC 
ailB/x? tt$S± 3 0 %T'^^rc. 

[0121] ^n^H(DflSHi^^<03^(0^i^iz^<s 

t^■r^l©gsT'?RfiS#tlfca-s i fioi^umisgp^f 

as^Wlc a - S i lioKSI«-ilJ^ Lft<!: C^v ^-^■fno 

[0 1 2 2] ffitS^5fe&=&1 0 0MHz4:LftW?|.t±l^ 20 
[0 12 3] J^±coSgSA^etofr§J;d(::, T'-Xi/- 

[0124] J5Kl^feft= (7) 

•K«Sf;tfX • • • S i H4 

• =?^-\''J7-;!fX* • • H2 30 

• 'ffT.^m •••SiH4 450sccm 
H2 4 50 seem 

• S.t} ' • • 0. 2 t o r r 
•Sftfflg • ■ • 3 1 O-C 

• mm'Amti • • • o, sw/cm^ 

[0125] (SSSffil 8 ^Vmm 7 ) El 8 tC5t*n3 
7^XTCVDSSS*ffil^T, jKmtSiC«5 0MHz 
iUT. TSB03fiSMai# (8) T-a-S i ii^lS^^B 
f*±ttmLft:, l2|8^^:^^l^T. 132 3 tfB]U«3=^Oti 

fel-'T. 1 4tt;i)y- Km«i2ffl07-X->-/UKv 1 
SitiST^mmu 1 7ttAy-KW®3±i::Sgtt5nft 
ia8(ciglS*n*d;3lc*v-F 

^miommmm^ti/'i-'i 7tLx^n^2o%t 

[0 12 6] la8^E5^#nsy■7XTCVDSt1■«•fflL^ 
[0 12 7] ^fts 08077 X^CVDgHlcast'' 50 
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T, WlB*6Si***/^-1 7^i1>LfcJ.X5i.t*P«c^))SfS^ 
il 'S^IIi.vttS*! 3 0 % r ^ Tc, 

[0 12 8] *in?^n<7)Sismfi8#nfe a - s i set* 

[0 12 9] ^tc. fiJSJf 1 0 0 M H z i: LftW 

[0 13 0] miz.. t)V- mm±±mmmti/^~ 

1 7-eS-pftJi^t.l^tEMeA73Q:< a - 5 i JS^J^ 
[0 13 7] W±<D«imA^S5^6^^J;3(c, »y-KS 

[0 13 2] fiB)g|SI«: (8) 
•HJ^^X • ■ ■ S i H4 
'^^'J7—ff7.' « • Hz 
• •••SiH4 450sccm 

Hz 450sccm 
■ StJ • • • 0, 2 t o r r 

• • • 3 1 O'C 

'Mmi&mti • • • 0. 5w/cm2 

[0 13 3] (Il««fj9) E19tC5^*!H5y7XTC V 

DSS^ffil^r, *V-Klig<Onfi«75•[R](7?^J■5£ (L 

1) tmmmommisv^o^m {ld ton 

(L1/'L2) «!. OtU Wmmm^^^ OOMH 
ziU TSBWJ^ili^ff (9) T>a-S iBI«ttfi£lilS 
ft:±lcifi?figLfc. E19lcai^T» SI2 3 tlUL'lJ^^ttEl 

2 3izssi-^TmmLrc<ovtm^'ism^, ii9 

lEjJt^Tv 1 5 ti*';^iJliliP. 2iat^2 2tt>'-/UK 
[0 13 4] ^dSs iSJgliS?»A«tfflLft->-;l/K**2 
Kt* 2 1 ttStt UT, a - S i ^!&ttJ5!8i»**(;:]«li 

a-S ilc!!)^Ji/:.5l*i|*!±3%T**'3/t. Sft. 
itltca-S i l<i!)lif|tim^^:?S!KiWx/^-i'X*II 
fiA^S^-fV-fe^/f-llttl^ilrnSa-S \mtL 
TS^J Wf ^) CO 726 -p /Co 

[0 13 5] $rc, ilSmMljSSS!* 1 0 0 M H Z t Lr=u 

[0 13 6] jX-t©SS*A^$t>6-^SJ;7[J:, asjijsm 
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10 1 3 7] iSmsif^ (9) 
•W^UiST. • • • S i H4 

■ ftXmlm •••SiH* 450sccm 
H2 450sccm 

• S.ti • • • 0, 2 t o r r 

• msm • ■ ■ 3 1 o°c 

• Mm&IS.t! • • ■ 0. 5W/cm2 

[0 13 8] (mmm 1 0) ig 1 0 tcs*ti-5:^7X7 io 

(LI) iim,msmBmm\^mm (l2) 

ib(Ll/L2)^1. OtU iSfc^ffl-Ml^l OOM 
HziU TffifiK/ilfeff CI 0) KTa-S i SI'SftfiK 
MSfttCfififliUft. 55:S5, Ell Olcai-^Tv 112 3^11 

s„ 01 otcjjt^Ttis *7y-K^ffi2t«?^iim^ 
ffiEg3w?f©7-x>>-/i'Ki 4t:/7XTiis^6gi 20 

gr^[c»-r 5 7- - 7.m^fitc«ftti/i:m 3 ^1^ < sjssg 
ito7-xateSi!^ (sjs^iaif^)y--Kasi^- 
/1/K1 4) ioffiHd 1 tmmtt)v~ mmt<o 

W»«d 2 f dl /d 2 = 1 t Lfc. 
10 1 3 9] HI Otc^^ti^^^tCcfcoTm^^nfc 
a-S iK^«]W»*t:tCfi£SL, [SiStSffiv^^Si 

± 3 fc, f fcflJl^T^tlft: a - S i KO!>K«ttl 30 

[0 14 0] 1 0 0 MH z t L/tW 

[0141] JJ(±<0*Sffl*^6t)*^«J:3lc. 

[0 1 4 2] J5g|^ft= (1 0) 40 

• ^mij?. • • • s i H4 

• • • • Hz 

• XfXSSEM •••SiH* 450sccm 
H2 450sccm 

•B"^ ' ' ' 0. 2 t o r r 

•ai#fflJS • • • 3 1 O'C 
'Mm^mtl • • • 0. 5W/cm2 

[0143] (mnm 11)^11 tcs^^-ns^sip^w 
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i^'SQSLft, i5:*\ 131 0^^:i^t^T, gl2 3 ^:I1IL:^$^ 
(D^,(^tilgl2 3 TiJiW UrctcOiWl UT-iS^fci&iftPH^ 
'^mt^. ttt. 5 2f4S«3©/tv/U5r--e*S„ 
[0 144] «Si!X'>?^y'?'ftjttEli 2\tfntn^ii'i 

&S»te1 2 0 1 ±.\ZWMinTc a - S 1 11 2 0 2. 
Sa-S ill 2 0 2±[C?RfiE*nrcn3y£^a-S Iff 
(3V*i7hJi) 1 203, 'i:LXm^trs,^T}\/s.z. 
■Ji^^an 2 0 4:&SLT33y, ^JbSx-JA^SH 

1 2 0 4<)''tia*nT»/-»4l''SP»CD n m<0 a - S i jg 1 

2 0 3«X'y^>^*'|^SLft, JSfev lax-y^V-Jf* 
ti. ±gBnS!(7)a-S igl 2 0 3 tlTv 1B!3 
7/1/5 x'^^.i&an 2 0 4««lRlf«Saii:U ^-^ 
l^lll<73 nSroa-SiJi1203 iE?|^**nftgU!j)i% 

[0 14 5] $-f. SOMHzTWJtjy-Kmitg'fytf 
-^rvxzctOHaiSS^Hl 4tJ:S-ifl,''T. SOMHzT? 
®:^5Xv-r>e— s^yxz ptcML^jy- K^te i 

«^^T. |Zc|/|Zp|=5, IZcl/IZp 

Z.Z.Ts I'y^y'?'i*vtti*fiX'y^>'-?^!te|Cr)X'j'9^> 

•sfdiop 1 /2tC±^#U/cfiiT«l3t-^. 
[0 146] I Zc I/I Zp i =50B^H: 

X'y^>^?'/A^A^$5)± 10%. I Z c 1 / I Z p I = 1 

10 1 4 7] ttc. tmtLX. HI 4ti:»:5l^rSS 
:SI«iE7?.Tl Zc I/I Zp 1^1 0, IZcl/l 
Zp I =2 0tLfcJ;i^(iTiBX'yf->f"*# (1)1? 

ICj&tl 5%. m±2 0%tfi-:>Tc. 

[0 14 8] mmit, wimm^m^ i o o mh z t Lft 

[0 14 9] S3b\ ±|BL,ftttX';'^V^*'itfecOa-S i 
®«:±SaiSlSS<?iJ1~1 Otc^SnftgHSt^^ailcd;^) 

[0 15 0] J^±©i|gS*i^6to;b^§<i;5lcs StSISiSSfc 

[0 15 1] x-yg^v^^jfefi: (1) 
•X7g^y^?;<JX' ■ ■ CF4 + O2 

• ^tJ'XSg •••CF4 lOOsccm 
O2 2005ccnn 

• lE:^ • • • 0. 0 3 t 0 r r 
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■ '^n^&mtj • • • 0. 1 W/cm2 
• • .:!l<^ (2 0°C) 

[0 15 2] 

tm. 13. seMHzcty ■m\.''mmmm[-m\z s o 
^'joztt^'^mt^^. nit. n^mmLm< ixm 

[S3] mmmmLr!::f^x-^c\fD^m(Dm^ 
cms] mm^mLrc7'7X'^c\/D^m.(Dmm 

[gl7] *l8^«*]Sfetft:/7XvCVDSli0«U«« 

[me] mm^mmLitzf^x^cvomomm 

[EI9] *^««||JSLft7'5XTCVDgiiC0^«fil6« 30 
Iiai 0] *5gWS§ISiiL/cv'^X?CVD^iS(^«jt 
lEll 1] *!^^«Sl]KlL/c7'7X^CVD^«<D«^ 
[Ell 2] ttxy3^y^?ift)0?ffifig«S4^-r«rc4&O«ie 

m^ 3] sy-Kmffio-fvtf-^Tvxittt^sftp^-r 
tsi 4] *v-KlSsro-fve-5rvxSptt«!»wr 40 
[HI 5] Ay-K«8i<o.<vtf-4rvxmi«:g«B^r 



[El 6] fii(siiasstii:«r5:^5XTffiaA7*mBi 
[017] tiv-r^mzT^x^m'^mmmt^ 

[13193 AV- F)fi^^-7Xv»S»ft:£lH0.i-rS 

[El 2 0] mi^^o^mimmmt&^^^nmt^tcib 
[132 2] mT^mmm^mt^itibomv&^o 

[1212 3] lJ£jR(7>7'7X^CVDi^Ba>*lfi!!«^ST?a& 
[02 4] *#g^(DJt$S:©/ci60:^7XTC v dsm® 

2 ^3y-Ki® 

3 Ij^fiSlSft 

4 [HjgMi 

5 SPiit-^f 

6 Z-Xv'-ZUK 

7 AJaMVii 

10 isxmm 

1 1 S6^1?fr4 

1 2 »1*ffl!f&3lS#i|i4 

1 3 X'<--y- 

14 Af V- K^liffi©7~X v'-Zl/ K 

1 5 ;!3'XWtBP 
1 6 

17 tiv-Ffm±<Dim»ttn- 

1 8 7-X->-^l/ F±(?D*6iSiW*:*/^- 

2 1 |l»ft«:^iy- Kmffiffli7)7-X>>-/I/ K 
2 2 i)(!®tt*^;0y-K^M©7'-XJ^-Jl/K 
1 5 1 M!Si&MM 

152 *y-Klg88 

1 5 3 MiilSSfit: 

1 5 4 T'^X'? 

155 ^-X-^-ZUK 
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